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INITIATING FACTORS IN SHOCK 

The onset of early, or primary shock is most reasonably accounted 
for as a consequence of some disturbance of the nervous system. A 
review of the evidence at hand shows that it is impossible to eliminate 
as a consequence of wounds a reflex relaxation of blood vessels similar 
to that which occurs in fainting. Indeed, as Cowell ® has observed, 
fainting is, in fact, not infrequently observed after the reception of 
wounds. Vincent ® likewise has seen cases of this character ; but in the 
only instance which he describes in detail (that of a man wounded in the 
abdomen, who, a few minutes after being hit, manifested the- syndrome 
of shock), the blood pressure, at the end of forty-five minutes, had 
risen from 60 to 90 millimeters of mercury. It is possible, then, that 
there may be produced by a wound an effect similar in character to 
fainting or syncope, but persisting for a longer period than the usual 
fainting spell. 

British, French and American observers had occasion during the 
war to note that shock may begin to appear two or three hours after 
the wounding. It may be associated with continued bleeding, but 
commonly cannot be explained by hemorrhage or infection. Exposure 
to cold, lack of ’water, rough transportation, and the agitation of 
broken bones have been recognized as circumstances favorable to its 
development. These factors may later have their action increased by 
infection, especially by the bacilli of gas gangrene. This is secondary 
wound shock and was by far the most common form noted during the 
war. An analysis of the theories which have been most commonly 
advocated in the past, such as inhibition,^® reduction of the carbon 
dioxid content of the blood (acapnia fat embolism, exhaustion of 
nerve centers and of certain glands,^® shows that they do not offer an 
adequate explanation for the onset of delayed or secondary shock. 
Their chief and common defect is that they fail to account for the 
occurrence, both in clinical and in experimental shock, of a diminution 
of blood volume and either a local or a general concentration of blood 
corpuscles. A group of theories which do take these facts into con- 
sideration, namely, those which postulate a primary vasoconstriction 
with a consequent capillary congestion,^* fail in that they do not suggest 

8. Cowell, E. M. : The Initiation of Wound Shock, J. A. M. A. 70:608 
(March 2) 1918. 

9. Vincent: Compt. rend. Soc. de biol. 81:887, 1918. 

10. Meltzer, S. J, : The Nature of Shock, Arch. Int. Med. 1:578 (July 15) 1908. 

11. Henderson: Am. J. Physiol. 21:128, 1908. 

12. Porter: Harvey Lectures, Philadelphia, 1917-1919, p. 21. 

13. Crile, G. W., and Lower, W. E. : Surgical Shock and the Shockless 
Operation Through Anoci-Association, Philadelphia, W. B. Saunders Company, 
1920. 

14. Malcolm: Tr. Med. Soc., London 32:274, 1909. Starling, E. H.: Arch, 
med. beiges 71:369 (Oct.) 1918. Erlanger, J.; Gessell, R., et al.: Am. J. 
Physiol. 49:90, 151, 345, 1919; Ibid. 50:31, 104, 119, 1919. 
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how a vasoconstriction would occur, capable of bringing about a 
reduction of blood volume. What is required is a demonstra- 
tion of some factor, naturally related to the production of shock, which 
may so operate in the body that, when hemorrhage and infection are 
ruled out, the persistent low blood pressure characteristic of shock will 
become gradually established. 

CHARACTER OF INJURIES ASSOCIATED WITH WOUND SHOCK 

A primary consideration in experimental study of natural phe- 
nomena is that the phenomena reproduced under controllable conditions 
shall resemble as closely as possible those occurring in nature. 
This is a consideration which seems to have been largely neglected in 
experimental investigations of shock. No doubt, persistent Ipw blood 
pressure can be produced by a variety of means. In support of various 
theories of shock, investigators have been able to duplicate certain 
aspects of the condition by protracted stimulation of nerves, by severe 
and long-continued manipulation of exposed intestines, by vigorous 
over-ventilation of the lungs, by repeated pushes against the stomach, 
by interrupting the circulation in large areas of the body, or by inject- 
ing into the blood stream relatively large amounts of oil or cream. 
Although such procedures cause changes similar to those which occur in 
natural shock, they do not reproduce the circumstances which occasion 
shock after ordinary wounds or injuries. Obviously, it is desirable to 
duplicate, so far as possible, the actual conditions which give rise to 
a shocklike state, and then to analyze them in order to determine what 
factor, or factors, among them is operative. 

The typical nature of the wounds seen in cases of secondary shock 
may be judged from the following records made by a group working 
at Bethune.^® In reading these records, it should be understood that 
the wounds are often made by large ragged pieces of shell moving at 
high velocity. When such a missile breaks the femur or the ilium, for 
example, it smashes and tears extensively the overlying muscles, which, 
in the thigh and hip, form a thick layer. In all these cases, shock 
was present: 

Case 1. — E. G., compound fracture of left ulna and radius, arm nearly 
severed, wounds of right arm and left side, abdomen opened, intestine and 
omentum protruding. 

Case 2. — C. P. H., shell wounds of right thigh with fracture of the femur, 
and shell wounds of left arm with fracture of the humerus, wounds of the face. 

Case 3. — G. D., wounds of the left arm with fracture, left leg with fracture, 
flesh wounds of the right thigh and abdomen. 

Case 4. — G. J. H. H., shell wounds of right ankle, of left leg with fracture, 
and of the muscles of the buttock. 


IS. Cannon, W. B.: Acidosis in Cases of Shock, English Medical Research 
Committee, Report Series No. 25, Dec. 25, 1917, pp. 86-88. 
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Case S. — H. J. H.,, bursting shell broke right femur, left tibia and fibula, 
and injured right arm. 

Case 6. — A. J. R., extensive wounds of both legs, left foot and left arm. 

Case 7.— W. G., wounds of buttock with fracture of ilium, also wounds of 
right foot. 

Case 8. — P. K., fracture of left femur (much comminuted) and right tibia. 

Case 9. — ^W. A. T., wounds of buttock and perineum, muscles below the 
buttock torn across and smashed in both legs. 

Case 10. — G. K., wounds of both arms, left thigh, left foot, compound frac- 
ture of the right thigh. 

Case 11. — R. C., compound fracture of right femur, multiple shell wounds, 
left femur, buttock and chest. 

Case 12. — A. H., multiple shell wounds; large wound of the left loin in- 
volving the gluteal muscles, fracture of the pelvis, extensive wound of right 
calf muscles and the muscles of the left thigh and left calf, and numerous 
wounds in back and chest. 

( 

The general character of war wounds is well described by Wallace 
and Fraser:^® 

The tissues of the wound are crushed and lacerated, and there are wide- 
spread contusion and effusion of blood into the surrounding parts. The neigh- 
boring blood vessels are often pulped and thrombosed, and as a result of the 
interference with the blood supply whole areas of tissue may afterward die 
and slough away. In these wounds, muscle appears to be affected more than 
any other tissue; it becomes a mass of dark brown crushed matter without 
any evidence of striation or vitality. One cannot fail to be„ impressed by the 
enormous destruction which even a small fragment of shell will produce, a 
degree of destruction which is apparently quite out of keeping with the size 
of the fragment; the exaggerated damage depends on the enormous velocity 
at which the fragments are traveling. 

EXPERIMENTAL EVIDENCE OF A TOXIC ORIGIN OF SECONDARY 

WOUND SHOCK 

After spending the summer of 1917 at a casualty clearing station in 
Bethune, I went to London and worked for three months with Bayliss 
in an experimental study of shock. At first, we were interested in the 
question as to whether the acid known to be developed in injured tissue 
might not be a contributory factor in the production of shock as seen 
in. man. The traumatization which we caused induced both a reduc- 
tion of blood alkali (an acidosis) and a low blood pressure (Fig. 1). 
Later it was shown that the acid production was not an essential factor 
in the complex.^^ Some other agent, therefore, must be acting. 
Further analysis of the mode of operation of the trauma will be 
deferred until the observed facts are described. These facts were estab- 

16. Wallace and Fraser: Surgery at a Casualty Clearing Station, London, 
1918, p. 31. 

17. Acidosis and Shock, English Medical Research Committee, Report Series 
No. 25, October, 1919, p. 250. 
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lished in part by Bayliss and myself , working together, and in part by 
each of us working independently, after I was transferred to the 
Laboratory of Surgical Research of the American Expeditionary 
Forces at Dijon, France. 

In order to bring about, in lower animals, a traumatization similar 
to that giving rise to shock in man, the thigh muscles in the anesthetized 
cat, while being supported by an iron block, were repeatedly struck 
with a blunt wedge-shaped liammer, or they were crushed by com- 
pression. Tlie trauma usually failed to break the skin, so that infection 
from without was impossible. Occasionally, the femur was broken, 
but this had no influence on the results which were seen. After this 
procedure, the course of events was followed in observations on the 
pulse, respiration and the alkali reserve and the corpuscular volume of 
the blood. In Figure 1 is presented a summary of the changes seen 
in a typical case. An actual record of the blood pressure changes of 
shock produced in this way is shown in Figure 2. 

As Figure 2 proves, the crushing of the muscles in one hind leg of 
the cat ma}' have no immediate effect. There may be a momentary rise 
or fall of arterial pressure. After about twenty minutes, however (and 
still longer in the dog), the pressure begins to fall. And after about 
an hour, the pressure has usually fallen to 80 millimeters of mercury, 
or even lower, i. e., to a shock level. There it may persist for several 
hours. In other words, the general bodily condition resembling shqck 
is produced by duplicating the circumstances which induce shock in man. 
The only noteworthy difference is the presence of anesthesia (urethane). 
That this is not a determining factor is shown by the use of a con- 
trollable anesthetic, such as ether, which may be lightened as the animal 
falls into deeper and deeper insensibility. The lessening of the ether 
concentration under these circumstances does not improve the circu- 
lation.' 

The fall of pressure after traumatization might be regarded as due 
to loss of blood and lymph into the damaged tissues, for there is always 
considerable swelling of the injured region. This suggestion was tested, 
however, by removing postmortem, with symmetrical cuts, the two 
hind legs, one normal, the other injured, and weighing them. The 
difference of weight which, in some instances, was only 10 per cent. 

18. For early reports of these observations, see: Cannon, "W. B.; Med. Bull. 
Med. Research Soc., Am. Red Cross, Paris, April, 1918, p. 426 ; Compt. rend. 
Soc. de hiol. 81:850, 1918. Bayliss, W. M.; Intravenous Injection in Wound 
Shock, New York, Longmans, Green & Co., 1918. Cannon, W. B., and Bayliss, 
W. M. : Note on Muscle Injury in Relation to Shock, Report of a Special Com- 
mittee on Surgical Shock, English Medical Research Committee, March 14, 
1919, p. 19. Bayliss, W. M. : Further Observations on the Results of Muscle 
Injury and Their Treatment, Ibid., p. 23. Cannon, W. B.: Some Character- 
istics of Shock Induced by Tissue Injury, Ibid., p. 27; Mil. Surgeon 44:494 
(May) 1919. 



6 


ARCHIVES OF SURGERY 


of the estimated blood volume, would not represent enough extravasated 
blood to account for the fall of pressure. It must be admitted, of 
course, that loss of blood by extravasation, even when slight, may play 
a role in the subsequent development of the low pressure. 

The widespread effect in the organism induced by the trauma might 
be due to nervous impulses. Such impulses on passing to the central 



Fig. 1. — Record of changes in the blood pressure, respiration, pulse and 
carbon dioxid capacity (alkali reserve) of the plasma after injury of the 
flexor muscles in the thigh; urethane anesthesia. At X, asphyxia caused the 
rise of blood pressure indicated ; at O, no rise in asphyxia. 


nervous system might so affect it- as to produce reflex inhibition of the 
vasoconstrictor center, as has been suggested above for the initiation 
of primary wound shock. Is such the case? The nature of the experi- 
ment permits securing evidence on this point. It is only necessary to 
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transect the spinal cord above the lumbar plexus or to sever all nerves 
of the limb which is to be injured, in order to disconnect the region 
from the central nervous system. When this has been done and the 
denervated muscles are traumatized, events occur similar . to those seen 
after trauma when the nerves are intact (Fig. 3). From this evidence 
it is clear that there is no essential relation between the production 
of shock and an excessive stimulation of the central nervous system. 

The gradual fall of blood pressure, again, might be interpreted as due 
to depression or exhaustion of the central nervous system, with gradual 
loss of vasoconstrictor tone. That this is not true was shown by tests 
performed by Cattell in the Harvard laboratory. He used the method 
described by Bartlett, in which the rate of inflow of a fluid at constant 
pressure through the femoral artery of one hind limb was determined 


Summary of Results Showing Perfusion Time for 1 C.c. of Physiologic 
Sodium Chlorid Solution in Relation to Blood Pressure in 
Muscle Injury Shock 
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65 


at intervals during the development of shock produced by injury of 
the other hind limb. The inflow cannula was always placed in a side 
branch of the femoral artery, so that when injections were not being 
made, a clip on the main trunk could be removed to permit the leg 
to receive its natural blood supply. In Cattell’s tests, about 3 c.c. of 
physiologic sodium chlorid solution was allowed to run into the artery 
while the time was being recorded with a stop watch. In a few instances 
in which perfusion was interfered with by small clots forming in the 
vessels, the experiments were discarded. The condition of the vessels 
was checked by inflow determinations after death, when, if there is 
no obstruction, the rate will be greatly increased. In the accompanying 
table is a summary of the results. The figures represent the time in 
seconds for the entrance of 1 c.c. of fluid, and in each case they are 
the average for at least three determinations. Invariably, there was 
a gradual increase in the time (i e., decrease in the rate) of inflo^y after 
muscle injury, usually starting within the first hour and reaching a 
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maximum in from two to four hours. At this time of maximum con- 
striction, the blood pressure had already fallen to a shock level, the 
average pressure for the series of experiments being 65 millimeters of 
mercury. After this, a dilation occurred which continued until death 
and was accompanied by a further fall of blood pressure. As already 
stated, the perfusion rate was still further increased after death. A 
curve showing the general relation between the blood pressure and 
peripheral response is given in Figure 4, which illustrates the averages 
of six experiments which were carried on over a period of four hours 
or more. From these results, it is apparent that the low pressure 
initiated by muscle injury is not primarily due to a loss of vasomotor 
tone or to a dilation of the blood vessels. In other words, this form 
of shock is not the consequence of any form of exhaustion. This con- 
clusion is similar to that reached by Erlanger, Gesell and Gasser for 
shock produced by manipulation of the intestines and by occlusion of 
the aorta. 

It might be supposed, further, that the local injury, especially when 
the femur is broken, would permit a sufficient amount of fat to be 
liberated to cause the pressure to fall. In several instances, careful 
•^examination of the lungs was made by expert pathologists, Louis B. 
Wilson and Henry W. Cattell; but in no instance was there evidence 
of any accumulation of fat. Furthermore, there was no twitching or 
disturbance of respiration or other sign which might indicate that fat 
had passed through the pulmonary capillaries into the central nervous 
system. The fall of pressure, therefore, cannot be attributed to fat 
embolism. 

Although there was usually a change of respiration in the direction 
of greater rapidity and lessened amplitude, this was not characteristic 
of the period immediately after the trauma, but developed as the blood 
pressure fell. Commonly, the respiration became slower toward the 
end (Fig. 1). The absence of hyperpnea for some time after the 
injur}^, although the carbon dioxid capacity of the plasma- was falling, 
and the later rapid and shallow breathing, which, since it was superficial, 
was not such as to induce a washing out of carbon dioxid from the 
blood, rule out acapnia as a cause of the lowered blood pressure. This 
conclusion Avas confirmed by producing shock by muscle injury, though 
the breathing Avas kept uniform by artificial means. 

If the loAv blood pressure resulting from local trauma is not due to 
loss of blood into the injured region, or to reflex vasodilation, or to 
depression or exhaustion of the vasoconstrictor center, or to fat emboli, 
or to acapnia, the connection between the local damage and the general 
bodily state may reasonably be looked for in the remaining great con- 
necting system— the circulation. There may be given off from the 
damaged tissue into the floAAung blood or lymph material, which, when 
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evidence indicates, therefore, that whatever may be the substance origi- 
nating in the damaged tissues, it is fairly promptly changed in the body 
or eliminated, so that its effect is not permanent. 

Further confirmation of the inference that a pressure-lowering 
material is given off from injured tissue was obtained by massage of 
the traumatized region. The result was a further drop in pressure. 
In Figure 6 is presented the record of blood jiressurc as it was falling 
after a smashing of the thigh muscles with fracture of the femur. At 
the points marked x, the fragments of the bone were moved in the 
damaged soft parts. The records taken shortly thereafter showed a 
greater drop than usual. The practical bearing of these observations 
on the importance of immobilizing bony fragments is obvious. 

Other experimental work has led to the same conclusion that Bay- 
liss and I reached in our experiments. In a recent publication, Turck 
has declared that the consequences of cell necrosis brought about in 
various ways affect the whole organism in such a manner as to give 
rise to some of the symptoms of shock. In June, 1918, he reported 
experiments on injury to the thigh muscles, that were similar to those 
performed by Bayliss and myself in January, and referred to in March 
and April of that year.-^ Unfortunately, his experiments were not 
accompanied by blood pressure records ; and commonly, the injection of 
what he called “shock-toxins” was followed by rapid death of the 
animal rather than by the production of shock. In November, 1917, 
Delbet,^^ impressed by the similarity between traumatic shock and the 
shocklike conditions accompanying peritonitis, raised the question 
whether intoxication did not play a role in certain forms of traumatic 
shock, whether shock was not, in fact, the result of absorption of toxins 
arising from disorganized and bruised tissues. Delbet and Karajono- 
poulos,^® in July, 1918, reported the effects of injecting into guinea- 
pigs and rats the products of autolysis of crushed muscles. They 
found that these substances were highly toxic, sometimes making ani- 
mals comatose a few seconds after intraperitoneal injection. Respira- 
tion was accelerated; the reaction to noise disappeared; the animal 
became immobile, and in a variable time died — effects attributed by 
Delbet to disturbances of the nervous system. These experiments 
revealed a toxic material in muscle autolysates ; but it did not produce 
detailed analogies to the state of shock in human beings. Delbet’s 
view that toxic substances arise from autolytic disintegration of 

19. Turck; Med. Rec. 95:472 (March 22) 1919. 

20. Turck; Med. Rec. 93:927 (June 1) 1918. 

21. Bayliss, W. M.: J. Physiol. 52:17, 1918. Cannon, W. B.: Med. Bulk, 
Med. Research Soc., Am. Red Cross, Paris, April, 1918, p. 426. 

22. Delbet: Bull, et mem. Soc. de chir. 43:2121, 1917. 

23. Delbet, P., and Karajonopoulos : Bull.Acad.de med. 80:14 (July 2) 1918. 
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muscles was questioned by Vallee and Bazy,^^ who noted that autolytic 
ferments of muscles are slow in action. They expressed doubt whether 
autolysis would result in a toxin sufficiently abundant or active to 
induce shock, and suggested that bacteria and possibly leukocytes might 
induce proteolytic changes capable of hastening the production of 
poisonous material. It seems unnecessary to assume that tissue 
disintegration should be carried far in order to evoke, when injected, 
a fall of blood pressure. As long ago as 1903, Vincent and Sheen 
proved that watery extracts of a variety of tissues, when injected into 
the blood stream would cause a drop of arterial tension, and Perret,^^ 
in 1909, proved that fluid pressed from raw meat (“myoserum”) was 
highly toxic when injected intravenously. 

AN EXPLANATION OF TRAUMATIC TOXEMIA 

Explanation of the shock-producing effect of substances which may 
arise from injured tissue has its beginnings in classic experiments in 
the history of physiology. Nearly thirty years ago Heidenhain 
demonstrated that the injection of “peptone” into the circulation would 
cause an increased production of lymph, persistent low blood pressure 
and a notable concentration of the blood. These are changes which 
Starling,"® in 1894, attributed to increased capillary permeability, espe- 
cially in the liver. 

In 1919, Dale and Laidlaw called attention to a reduction of 
blood pressure which can be induced by the injection of extremely 
minute amounts (1 or 2 mg. per kilogram in the anesthetized animal) of 
histamin, a substance derived from the amino-acid histidin by removal 
of carbon dioxid. Later, attention was called to the shocklike character 
of the changes which histamin occasions.®^ The arteries are constricted 
(the early constriction of arteries in shock may be due, in part, to the 
action of toxic substances), there is oligemia, a reversed ratio of 
corpuscles to plasma, and failure of the cardiac output.®® If the chest is 
opened, the heart is seen beating regularly ; but its chambers contain 
little blood.®® The arteries and veins likewise 'contain little blood. 
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31. Dale and Laidlaw: Memorandum Upon Surgical Shock and Some 
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Aloreover, by the use of vital red, Dale demonstrated that a consider- 
able part of the blood passes out of currency. It appears, therefore, 
that since the blood is not in arteries and veins, it must be concentrated 
in capillary areas. Dale reports that the bowel shows a diffuse dusky 
congestion and that the smallest venules are rendered visible on its 
surface by their content of dark blood — a condition similar to that 
observed by Erlanger and his collaborators in the various forms of 
shock which they produced. By direct microscopic examination after 
the injection of histamin, Hooker and also Rich have shown that 
a large number of capillaries, previously not seen, become clearly 
defined because dilated and filled with blood. Dale and Richards have 
further analyzed the action of histamin. The low pressure resulting 
from it is not due to relaxation of the arterioles. It is apparently due 
to a series of changes in which dilation of the capillaries and pooling 
of blood within them, poisoning of their endothelial walls so that they 
are abnormally permeable, escape of plasma through these walls into 
the tissue spaces, and consequent concentration of the corpuscles are 
the main features. This thickening of the blood would accentuate the 
tendency for it to gather in the small vessels. 

The great significance of these observations by Dale, Laidlaw and 
Richards is that the action of histamin may reasonably be regarded as 
typifying the action of a large class of poisonous protein derivatives — 
products of ‘partial digestion, of bacterial action, and of tissue extrac- 
tion. In 1909, Popielski called attention to the depressor action of 
organ extracts and showed that “vasodilatins” could be extracted from 
practically all tissues. In 1911, Barger and Dale proved that histamin 
was present in the mucosa of the small intestine, in Popielski’s “vaso- 
dilatins,” and also in commercial peptone. Recently, Able and Kubota 
have adduced evidence that histamin is a widely distributed constituent 
of animal tissues, organ extracts and enzymatic products, whether 
derived from animal or vegetable proteins. In all probability, histamin 
is not the only constituent of tissue extracts and tissue digests capable 
of lowering blood pressure. Hanke and Koessler,^^ for example, have 
shown that typical peptone shock can be produced by injecting peptone 
from which histamin is absent. We may follow Dale, therefore, in 
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regarding histamin as a type of the toxic substances derived from pro- 
tein material. Although proof is still lacking that a substance, like 
histamin in character, is actually given off into the blood stream when 
the tissues are severely damaged, the effects of local tissue injury 
(influencing the rest of the body solely through the circulation) and 
the efl'ects induced by histamin are so similar that the supposition has 
a high degree of probability. In both conditions, there is a fall of 
blood pressure. In both, there is a reduction of blood volume. In 
both, there is, at least in the early stages, a concentration of the blood 
(Fig. 1). In both, slight hemorrhage results in markedly increasing 
the shocklike effect. It is a matter of considerable interest that 
proteolytic bacteria, such as those producing gas gangrene, induce, in 
muscles, chemical changes, which, according to Zunz,^^ are accompanied 
by the production of histamin. Extracts of such muscles are highly 
toxic and rapidly depress the circulation.^* The association of “shock” 
with gas infection can thus be accounted for. 

The view that secondary shock is due to action of toxins arising 
in injured tissue places it, as Dale has pointed out, in the same general 
category with anaphylactic shock, for that likewise is probably the 
consequence of poisoning by protein cleavage products. The shock- 
like condition produced by toxic substances arising from intestinal 
obstruction which Whipple and his collaborators *“ have done so much 
to elucidate, becomes also closely related to traumatic shock, for chem- 
ical study led them to the conclusion that the poisonous agent developed 
in a closed intestinal loop belongs to the primary proteoses. It is con- 
ceivable, furthermore, that the results of methods used by other investi- 
gators to produce shock, such as pinching the intestine, as employed 
by Githins, Kleiner,' Meyer and Meltzer,*'^ or interfering with the circu- 
lation, as practiced by Janeway and Ewing and by Erlanger and his 
group,*® may be accounted for on the basis of a toxin production. 
Bayliss and I*® found that after the blood flow had' been wholly shut 
out from the hind limbs for an hour, restoration' of the circulation 
resulted in a sharp fall of blood pressure. And Dale proved that 
if the blood vessels of the fore limb are rendered sensitive to the action 
of histamin by denervation, letting the blood flow through the hind 
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44. Report of the Shock Committee, English Medical Research Committee, 
Report Series No. 25, October, 1918, p. 265. 

45. Dale: Proc. Roy. Soc., B 91:133, 1920; 

46. Whipple et al.: J. Exper. M. 17:286, 307, 1913; Ibid. 19:144, 166, 1914; 
Ibid. 23:123, 1916. 

47. Githins, Kleiner, Meyer and Meltzer: Proc. Soc. Exper. Biol. & Med. 
16:3, 1918. 

48. Janeway and Ewing: Ann. Stirg. 59:158, 1914. 

49. Erlanger, J., and Gasser, H. S. : Ann. Surg. 19:389 (April) 1919. 



18 


ARCHIVES OF SURGERY 


limbs after it had been shut out for some minutes is followed not only 
by dilation of the vessels of the hind limbs, but also, as in histamin 
injection, by dilation of the vessels of the sensitized fore limb as well. 
Since changes in the direction of death and cell disintegration are 
induced when the circulation is cut ofif from a region — changes which 
are accelerated by trauma — the suggestion seems reasonable that the 
methods mentioned above, used by other investigators to cause shock, 
likewise involved toxin production. 

It should not be supposed 'that smashed muscle is the sole source 
of toxic material. Pinching the intestine, as. stated above, Avill induce 
shock ; and I have found that crushing the tips of two or three lobes 
of the liver may be effective also. Possibly, substances given off by 
extravasated blood are likewise depressive to the circulation; at least, 
the injection of blood just previous to its coagulation causes a sharp 
drop of blood pressure. 

CLINICAL EVIDENCE FOR TRAUMATIC TOXEMIA 

Aside from the experimental evidence which has resulted in the 
building up of a theory of traumatic toxemia as a cause of shock, there 
are also clinical observations which extended over approximately the 
same period as the experimental studies, and which, quite inde- 
pendently, led to the same conclusion. For the clinical studies which 
developed and gave support to the theory of toxemia as a cause of 
secondary wound shock, great credit should be awarded to Quenu, pro- 
fessor of clinical surgery in the Medical Faculty of the University of 
Paris. As early as 1916, having repeatedly noted in his military service 
the relation between the occurrence of shock and the attendant gross 
damage of tissue, he began to suggest to various surgeons in the French 
army the desirability of securing clinical data regarding the possible 
presence of a toxic factor in the production of traumatic shock. In 
December, 1917, the observations of Rouhier, one of his former interns, 
were reported by Quenu; and during 1918, a series of papers were 
presented to the Societe de chirurgie in Paris by Quenu and others — 
Moulinier, Santy, Marquis, La Croix, Bertein and N-imier, Rouhier and 
Soubeyran — which brought striking confirmation of the ideas which 
had been expressed. Since an excellent summary of these papers has 
been made by Quenu, it will be unnecessary to report them here in 
detail. For present purposes, a brief outline of the clinical evidence 
that secondary shock is a traumatic toxemia will suffice. 

1. Secondary shock, or what the French call “shock primitif,” does 
not appear immediately after the receipt of wounds, as a large number 
of observers have testified ; and therefore it is not of the nature of a 
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nervous effect. Furthermore, the state is commonly well established 
before infection ; and therefore it is not of bacterial origin. 

2. Secondary shock is characteristically observed in association with 
extensive damage of muscles or with multiple wounds scattered over 
the body. This contention of Quenu is supported by the studies at 
Bethune and by the observations of McNee, Sladden and McCart- 
ney,''- who described cases in which, without injury to bones or 
to any vital structure or organ, there was extensive laceration of 
muscle, accompanied by such severe shock that most of the patients 
died in spite of treatment. In the case of multiple wounds the large 
number of small areas of damage would T)bviously be in sum the 
equivalent of destruction of a considerable mass in one region. The 
increase of undetermined nitrogen in the urine and of total nonprotein 
nitrogen, as well as residual nitrogen, in the blood of shock patients '' 
may be accounted for as a consequence of the absorption of material 
from the traumatized area, and also, perhaps, as the effect of tissue 
damage done by circulating toxins. 

3. Everything that favors absorption at the region of injury is 
favorable to the development of shock. Thus, in the observations 
reported by Quenu, the development of shock is most severe when 
the region of damage communicates with the exterior by only a small 
orifice. The negative aspect of this evidence is presented by cases in 
which a large fleshy mass, along with the skin which covers it, is 
carried away by a missile; in such instances, shock is slight or wholly 
absent.®® 

4. Anything that delays or checks absorption from the injured 
region delays the development of shock; but if there is a sudden 
removal of the check, serious results follow. In support of this point, 
Quenu ®‘‘ cites an incident observed by Rouhier ; 

A man with a crushed foot was brought in with a tourniquet placed very 
tightly below the knee. The leg was tense, dark-colored and full of blood ; but 
there was no sign of shock. Rouhier performed a conservative operation and 
then removed the tourniquet. Three hours after the operation, the patient was 
in a state of intense shock. 

Gregoire“ has reported the analogous case of a lieutenant caught in a 
dug-out after a shell burst. His left thigh was compressed between two logs. 
Thus, he remained for twenty-four hours, alert, guiding the efforts of those 
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53. Quenu: Rev. de chir. 56:271, 1918. 

54. Quenu: Rev. de chir. 56:272, 1918. 
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who were delivering him. His general condition was good ; hut he was pale, 
with a pulse small and rapid and a slightly accelerated respiration. There 
was no wound ; the foot, leg and knee, however, were purplish and cold ; above 
the knee there were two deep hollows formed by the pressure of the logs. Some 
hours after his rescue, the officer became restless; and, although treatment for 
shock was undertaken, he died thirty-two hours after the pressure was removed 
from the leg. There was no indication of nervous depression and no bleed- 
ing in this case. The shock appeared on permitting the circulation to return 
to the damaged tissue. 

Five cases similar to these were reported to me from various 
surgeons in the hospitals of the American Expeditionary Forces in 
France. One instance was especially striking; A tourniquet had been 
in place on the upper arm for an uncertain period ; but the wound in 
the wrist was so slight that the surgeon proceeded to clean it and lake 
off the compression. The patient was in good condition before tlic 
tourniquet was removed. A short time thereafter, however, he went 
into profound shock and died. It is obvious that the state developed 
in these human cases was quite like that developed experimentally by 
Janeway and Ewing, by Erlanger and his collaborators, and by Bayliss 
and myself, when a continued low blood pressure was induced by 
interference for several hours with the circulation to a considerable 
part of the body. 

The converse of the foregoing observations is seen when after a 
very severe wound the region is isolated by a tourniquet and the limb 
is amputated proximal to, and without removing, the tourniquet. 
Rouhier reports a case of this type in which no shock appeared either 
before or after the operation. 

5. Suppression of the injured region, if not too long delayed, causes 
shock to disappear. Much evidence in support of this statement might 
be cited. I had occasion to note such cases at Bethune; and Quenu 
and Rouhier have described in detail instances of the rapid dis- 
appearance of shock after cutting away traumatized tissue. McNee, 
Sladden and McCartney have declared that when a quick amputation 
of a lacerated region is possible, “the operation is commonly followed 
by a remarkable and maintained improvement, so rapid and striking as 
to appear a direct sequel to the removal of the damaged limb.” And 
they cite the case of a wounded man who was too shocked to allow 
any movement whatever, and in whom a similar good result was 
obtained by tying a tourniquet as tightly as possible around the limb 
which was so badly smashed that amputation was seen to be inevitable 
if the patient survived. The observations of Santy on the effects of 
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of an intoxication, probably by protein derivatives set free from the 
are^i of tissue destruction. The present conception seems to be that not 
only the shock following burns, but also the delayed shock consequent 
on severe trauma, is properly placed in the same category with other 
forms of general depression of bodily functions and defective circula- 
tion due to the setting free of toxic material in the body. 



FURTHER OBSERVATIONS ON THE LYMPHATIC 
ORIGIN OF CHOLECYSTITIS, CHOLEDOCHITIS 
AND THE ASSOCIATED PANCREATITIS* • 

EVARTS A. GRAHAM, M.D., and M. G. PETERMAN, M.D. 

ST. LOUIS 

The most common conceptions of the pathogenesis of infections of 
the gallbladder and bile tracts are based on four assumed possibilities : 
(1) descending infection from the liver by bacteria carried down in 
the bile, (2) ascending infections from the duodenum up the common 
bile duct, (3) hematogenous infections of the gallbladder and ducts, 
and (4) a spreading infection through the wall of the gallbladder from 
an inflamed contiguous organ. Of these possibilities, it is only the 
last two which take into serious consideration the actual infection of 
the deeper layers of the wall of the gallbladder, despite the fact that 
microscopic examinations of gallbladders removed at operation, at least 
those which we have studied, demonstrate that there are inflammatory 
changes not merely in the mucosa but also in the deeper layers and that 
usually these changes are more pronounced in the deeper layers. The 
other two possibilities are concerned only with the entrance of organisms 
into the lumen of the gallbladder, and they do not explain their entrance 
into its walls. They assume also that contact infection of the mucosa 
of the gallbladder occurs easily and frequently. But there is no direct 
evidence to support the idea that cholecystitis occurs, except perhaps 
occasionally, merely as a result of the entrance of bacteria into the 
lumen of the gallbladder ; and there is much evidence, both clinical and 
experimental, that such infections are probably rare. 

This evidence consists of a number of facts: (1) In experiments 
on ten dogs in which large amounts of pathogenic colon bacilli were 
injected into the normal gallbladder, no cholecystitis was produced 
sufficient to be demonstrable by gross appearance or clinical signs, except 
in one case. In order to produce it with any degree of regularity, it 
was necessary either to obstruct the outflow from the gallbladder by 
ligation of the cystic duct or to injure the blood supply by ligation of 
the cystic artery. In this connection a statement by Meyer, Neilson 
and Feusier ^ is of interest. These authors state: 

* Part of this paper was read before the American Surgical Association, 
Toronto, June IS, 1921. 

* From the Department of Surgery, Washington University School of 
Medicine. 
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It is general!}' known from the studies of Cushing and from our own, that 
typhoid bacilli introduced directly into the cystic bile of dogs disappear rapidly 
and that a cholecystitis can only he produced by considerable injury of the 
wall, or by placing a foreign body in the gallbladder (Marxer). 

(2) Bacteria probably gain access to the gallbladder by being carried 
down in the bile from the liver in most, if not in all, cases of bacteriemia; 
yet cholecystitis is comparatively rare in such conditions. Rolleston ^ 
states that “in typhoid fever the bacilli are always present in the gall- 
bladder, but cholecystitis is comparatively infrequent.” Osier ^ states 
that cholecystitis occurred in only nineteen of his series of 1,500 cases. 
(3) Theoretically, the mere presence of bacteria within the lumen of 
the gallbladder should be of no more significance in producing chole- 
cystitis than that the presence of bacteria in the urine should imply an 
inflammation of the urinary bladder. It is well known that bacteria 
are frequently passed in the urine in large amounts without the coinci- 
dence of cystitis, especially in typhoid fever. 

If the assumption is correct that the wall of the gallbladder beneath 
the mucosa is involved in most cases of cholecystitis, then it would 
seem reasonable to discard the. idea of the serious importance of con- 
tact infections of the mucosa by organisms within the bile, particularly 
in view of the evidence outlined above. How then may an infection 
originate in the wall ? It is obvious that in general only two routes are 
available for the transmission of organisms to the wall. One of these 
is the blood stream and the other is the lymph stream. 

In 1909, Koch * demonstrated clumps of bacilli in the wall of a 
gallbladder and concluded that typhoidal cholecystitis is due to capillary 
embolism. In the same year, also, Chiarolanza,® working under Koch s 
direction, came to the same conclusion. Rosenow ® has particularly 
emphasized the idea of the hematogenous origin of cholecystitis. 
Meyer and his collaborators,^ in their exhaustive article on the mechan- 
ism of gallbladder infections, report experiments on 500 rabbits m 
which they attempted to produce a condition analogous to the human 
typhoid carrier state. They consider that the findings of Koch and 
Chiarolanza of bacterial emboli in the wall of the gallbladder during 
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Fig. 1. — A common type of hepatitis occurring in association with a subacute 
cholecystitis. The periportal sheaths are densely infiltrated with leukocytes, 
chiefly of the polymorphonuclear variety. From a study of small pieces of 
liver removed at operation in cases of cholecystitis, either with or without 
stones, it has been noted that some degree of hepatitis is a constant accom- 
paniment of cholecystitis. 



Fig. 2. — Higher power magnification, of another part of the same liver 
showing accumulation of polymorphonuclear leukocytes around a .small bile 
duct, indicated by line marked A. 
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A removed at operation in case of 'cholecystitis without 

stones. Deep m the fibromuscular layers at a considerable distance from the 
mucosa collections of polymorphonuclear leukocytes, designated by 

. V "e . ese are usuall3' much more conspicuous in the deeper layers 

an in t le mucosa, formally, the mucosa contains large numbers of round 
cells (lymphocytes). 















Fig. 6. — Another human gallbladder from case of cholecystitis without 
stones ; wall extensively infiltrated with leukocytes ; mucosa relatively intact. 









Fig. 7. High power magnification of Figure 6 showing polymorphonuclear 
leukocytes far out in the wall of the gallbladder. 
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either travel through the whole systemic circulation back through the 
hepatic artery to the gallbladder or there must be a retrograde passage 
of them from the liver into the gallbladder through the tributaries 
of the portal vein. If the first alternative were correct, then there 
would be no more reason for cholecj'stitis to be associated with appendi- 
citis than with infections elsewhere in the body, as the hand for 
example. The second alternative is based on the slender support of 
a comparatively rare possibility, a retrograde thrombosis, or at least 
a retrograde pylephlebitis. 

There is, however, one route between the appendix and gallbladder 
which is comparatively direct and easy to understand, and that is a 
“hematolymphatic” route. Sudler ® has shown a very intimate lymphatic 
connection between the liver and gallbladder through the attachment of 
the gallbladder to the liver. This is shown in Figure 34, which is 
taken from his article. We have repeated some of Sudler's experi- 
ments and have confirmed his idea of the general arrangement and 
anastomosis of the hepatic and cholecystic lymphatics. The lymph 
vessels of the gallbladder may be seen after injections of such a sub- 
stance as Prussian blue into the portal vein. Conversely, also, injections 
made into the wall of the gallbladder not only follow the lymphatics 
into the liver in the interlobular sheaths but also may be seen to pass 
along the lymphatics of the common duct and into the pancreas. An 
infection of the liver, therefore, would tend to spread to the gallbladder 
by way of the lymphatics, and conversely an infection of the gallbladder 
would tend to spread not only to the liver but also along the common 
duct to -the pancreas. In this respect, infections in this region would 
merely follow the rule of infections elsewhere in the body. We should 
expect to find evidence, therefore, that in cases of cholecystitis there 
is also an associated inflammation in the liver. 

In 1918, one of us ® showed in a series ot cases in which small 
pieces of the liver were removed at operation for cholecystitis that 
microscopic evidence of hepatitis existed in every case. The inflamma- 
tion was chiefly in the interlobular sheaths and appeared to be a 
pericholangitis. This location of inflammatory changes is in harmony 
with the idea of a lymphangitis, for it is here that the hepatic lymph 
vessels are chiefly situated.^® In another paper, we showed that in the 

8. Sudler: The Architecture of the Gallbladder, Bull. Johns Hopkins Hosp. 
12:126, 1901. 

9. Graham, E. A. : Hepatitis : A Constant Accompaniment of Cholec 3 'stitis, 
Surg., Gynec & Obst. 26:521 (May) 1918. 

10. Mall, F. P. : On the Origin of the L 3 'mphatics in the Liver, Bull. Johns 
Hopkins Hosp. 12:146, 1901. 

11. Peterman, M. G. ; Priest, W. S., Jr., and Graham, E. A.: The Association 
of Hepatitis with Experimental Cholecystitis and Its Bearing on the Patho- 
genesis of Cholec 3 'Stitis in the Human, Arch. Surg. 2:92 (Jan.) 1921. 












Fig. 11. — Cholecystitis without stones; mucosa relatively normal, hut leuko- 
cytic infiltration in outer layers of wall. 



F:g. 12. — Cholecystitis without stones ; normal mucosa but rather large 
collections of leukocytes (both polymorphonuclears and round cells) in deeper 
layers of wall, designated by lines marked A. 




Fig. 13. — Hepatitis in association with chronic appendicitis ; piece of liver 
removed at operation for chronic appendicitis; no evidence of cholecystitis. 
Note polymorphonuclears in lobule near its periphery. 



Fig. 14. — Hepatitis with chronic appendicitis, showing leukocytic infiltration 
in interlobular tissue; piece of liver removed in another case of chronic appen- 
dicitis ; no evidence of cholecystitis. 




Fig. 15.— Hepatitis with chronic appendicitis ; periportal leukocytic infiltra- 
tion , piece of liver removed at operation for chronic appendicitis : no evidence 
of cholecystitis. 



Fig. 16. Experimental hepatitis by injection of portal vein with Staphylo- 
coccus a.tieus (Dog 1), marked periportal infiltration with polymorphonuclear 
leukocytes. 
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It is interestinsr that even those who favor tlic idea of the contact 
infection of ihe nnicosa of the gallbladder hy bacteria carried in the 
bile from the liver, the so-called “hcmatohcpatogcnoiis” theory, are 
forced to assume some degree of inflammation of the liver preceding 
the infection of the gallbladder. This cpiestion is discussed at some 
length by Meyer and his collaborators who state that “dosage, virulence 
and lesions [italics ours], and not the .secretory, detoxifying activity of 
the liver, are the prerequisites for the passage of bacteria from the blood 
to the bile capillaries. . . . The concei)tion of a purely mechanical 

passage deserves little consideration.’’ Wy.ssoko witch and also Blach- 
stein “ considered liver necroses prcreciuisitcs for the infection of the 
biliary passages in typhoid. If it is granted then that some degree of 
inflammation of the liver must be present before the bile can be infected, 
it seems only reasonable to assume that in many cases the infection will 
spread by means of the lymjflialics and will therefore involve the gall- 
bladder wall. Meyer states that “from an experimental standpoint the 
lymphatic route is of no importance,” but yet he says that “in the course 
of peritonitis or other abdominal infections (apjjendicilis). streptococci 
can be transported through the lymphatics to the biliary passages,” and 
again, “the so-called ascending route of infection is in all probability 
due to an invasion of bacteria through the lynqfliatics.” He also states 
that in about 1 per cent, of the rabbits and guinea-pigs used there was a 
spontaneous cholecystitis due to Bacillus coli, streptococci or staphylo- 
cocci. In these cases, “occasionally the bile appeared to be normal 
while the histologic picture exhibited a low-grade infection of the 
lymphatics of the mucosa and subserosa.” 

We believe that there is quite a little confusion about what is meant 
by the biliary lymphatics. Meyer and his collaborators speak of them 
as if they were entirely extrahepatic, and apparently they do not recog- 
nize that the extrahepatic lymphatics are continuous with those within 
the liver. This .is the common conception of the lymphatics of the 
biliary tract. Sudler’s important work is too little known. As a matter 
of fact, we do not see why nearly all the results on experimental chole- 
cystitis cannot be just as easily interpreted on the basis of a lymphatic 
infection of the wall as on the idea either that there has been a contact 
infection of the mucosa or an infection of the wall directly through the 
blood stream. We admit, however, the possibility of infection through 
both of the latter means ; but we are inclined to believe that the idea of 
a lymphatic origin secondary to a hepatitis explains the majority of 
cases of cholecystitis in man better than an)'^ other. 

We have stated elsewhere that if a suitable substance, such as 
Prussian blue, be injected into the wall of the gallbladder, its course 

13. Wyssokowitch ; Quoted by Meyer Ct al. Footnote 1. 

14. Blachstein : Quoted by Meyer et al.. Footnote 1. 













Fig. 23. — Cholecystitis in same dog (Dog 7 ) ; polymorphonuclear leukocytes 
scattered throughout wall of gallbladder. 



Fig. 24. — Same experiment as in Figure 23; polymorphonuclear leukocytes in 
deeper layers of wall of gallbladder. 
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may be followed through the lymphatics down along the common duct 
and into the head of the pancreas. For years, Deaver has strongly 
advocated the lymphatic origin of the chronic interstitial pancreatitis 
which is so common an accompaniment of cholecystitis. Maugeret,^® 
in 1908, Avrote a thesis on this subject which offers much evidence in 
support of the possibility of the lymphatic spread to the pancreas. Archi- 
bald has raised questions with regard to the lymphatic route theory 
and has sought to explain the pancreatitis on a basis of an influx of bile 
into the pancreatic ducts in a manner similar to Opie’s classical expla- 
nation of the origin of acute hemorrhagic pancreatitis. Dear^er and 
Sweet have replied to these objections of Archibald’s in their recent 
article. 

In animal experiments, we have obtained results which we believe 
tend to support the idea of the lymphatic origin not only of cholecystitis 
but also of inflammation of the common duct and of the pancreas. 
These experiments har^e consisted of several types and will be reported 
in full by one of us (Peterman), in an article soon to appear. Two 
types are of particular interest here because of their special bearing 
on the idea of the lymphatic origin of cholecystitis and its complications. 
One of these groups of experiments has already been reported and 
referred to above. It consisted in the production of hepatitis secondary 
to experimental cholecystitis, induced by direct inoculation of rather 
large amounts of organisms into the lumen of the gallbladder after 
ligation of the' cystic duct and artery. The hepatitis produced con- 
formed to that which had already been seen in cases of cholecystitis in 
man, and, for the reasons given above, it was considered as most 
probably representing a lymphatic spread to the liver. The other 
type of experiment consisted in the production of hepatitis, cholecystitis, 
choledochitis and pancreatitis by portal vein injections. It was felt 
that if cholecystitis and its common complications could be interpreted 
on the basis of a lymphatic spread from a liver in which the periportal 
spaces were the seats of inflammation, then it should be possible often 
in a single experiment to produce by injection of the portal vein a 
simultaneous hepatitis, cholecystitis, choledochitis and pancreatitis. Not 
only has it been possible to do this repeatedly ; but the types of lesion 
found have agreed with those Avhich occur in spontaneous cases in 

15. DeaA'er, J. B., and Sweet, J. E, : Prepancreatic and Peripancreatic Dis- 
ease: With a Consideration of the Anatomic Basis of Infection from the 
Gallbladder to the Pancreas, J. A. M. A. 77:194 (July 16) 1921. 

16. Maugeret, R. : Cholecyste — Pancreatite, Thesis, Paris, G. Steinheil, 1908. 

17. Archibald, E. ; The Experimental Production of Pancreatitis in Animals 
as the Result of the Resistance of the Common Duct Sphincter, Surg.. G)’nec. & 
Obst. 28:529 (June) 1919. 

IS. Opie. E. L. : Diseases of the Pancreas, Philadelphia, J. B. Lippincott 
& Co., 1903. 
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man. It has been possible also after the injections to demonstrate 
the infecting organisms in the liver, in the wall of the gallbladder, in 
the wall of the common dnet and in the pancreas. 'I he same results 
occurred regardless of whether the injections were made into the main 
trunk of the portal vein or into one of its radicles, as the aj)pendix 
vein. We believe, therefore, that the results obtained arc comparable 
to the cases of cholecystitis in man which may be considered as 
following appendicitis or some other lesion of the portal system. 

The experiments were conducted on seven normal dogs. After 
anesthetization and prej^aration of the skin, a median laparotomy 
incision was made. The portal vein was exposed at its origin, and from 
4 to 6 c. c. (depending on the size of the animal) of Staphylococcus 
aureus (twenty-four hour broth culture) was injected into the portal 
vein, and the abdomen was closed. These animals were observed daily, 
and four of them were killed and examined at necro}).sy. from two 
to six days afterward. Three of the dogs were given an additional 
injection of hemolytic streptococci because apparently they liad not 
been much affected by the first injection of staphylococci. From two 
to five days after the second injection, these dogs were killed and 
necropsies performed. In two additional experiments, injections of 
streptococci were made into a radicle of the portal vein corresponding 
to the appendix vein in man, and similar results were obtained to those 
following the injections into the portal vein itself. 

In a second set of experiments in which six rabbits were used, 
sections were stained and examined for bacteria after injecting strepto- 
cocci into the portal vein. The cystic duct, inc’uding the cystic artery, 
was ligated in order to eliminate the possibi’i'y of the passage of 
bacteria down from the liver in the bile and also to reduce to a 
minimum the possibility of the injected organisms reaching the 
gallbladder wall by way of the blood stream. After ligation of the 
cystic artery, the only way by Avhich the organisms could reach the 
gallbladder by the blood would be either through the few small branches 
of the hepatic arter}^ which pass through the attachment of the liver 
to the gallbladder or by a retrograde thrombosis of the portal vein 
into the cystic veins (which are its tributaries). In order to minimize 
the latter possibility, the animals were killed and examined at inter- 
vals of one, two, twelve, twenty-four and forty-eight hours, respec- 
tively, after being injected. Except perhaps in the last instance, it 
was felt that the time intervals were too short to permit a retrograde 
thrombosis. Streptococci were found in all of the last four rabbits, not 
only in, the liver. and the wall of the gallbladder but also in-the-pancreas. 
The common duct was not searched. Results of an identical sort were 
obtained in three other rabbits in which the injection was made into a 
vein corresponding to the appendix vein in man. The only exceptions, 




^Juclear /nut* ^ outer ^ 7) ^. . 

“'•’'« ond ^ aPMr,„n 



^-'‘■Jensive 







r-, -.8 -Experimental interstitial pancreatitis (Dog 2) ; marketl P^ 

deratTee of polymorphonuclear lenkoeyt.s over other cell, n, trabec 




Fig. 29. — Experimental hepatitis in rabbit; portal vein injection with strepto- 
cocci; demonstration, two hours later, of organisms in liver near attachment 
to gallbladder, o 



Fig. 30. — Experimental hepatitis in another rabbit after portal vein injection 
with streptococci ; twelve hours later organisms found in liver near its attach- 
ment to the gallldadder. 




Fig. 31. — Expsrimental cholecystitis in rabbit; injection of poital vein after 
ligation of cystic duct and cystic vessels; two hours later organisms found in 
wall of gallbladder. ' 



Fig. 32. — Experimental cholecystitis in another rabbit ; organisms demon- 
strated in wall twelve hours after portal vein injection. 
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Fig. 33. — Experimental pancreatitis in rabbit; demonstration of organisms 
in pancreas twelve hours after injection of portal vein. 



Fig. 34. — Anastomosis between lymphatics of gallbladder and liver (taken 
from Sudler). The extensive communication between the lymphatics of the 
liver and gallbladder is seen particularly at the sides of the gallbladder. 
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ning at the periphery of each lobule. In places there were marked accumulations 
of polymorphonuclear leukocytes and some mononuclear cells around the 
interlobular veins. There was very marked infiltration of polymorphonuclear 
cells beneath the liver capsule. 

Gallbladder: It was adherent to the liver. The wall was gray. Microscopic: 
There was moderate infiltration of the wall with polymorphonuclear leukocytes 
and round cells, especially at the site of attachment between the liver and 
gallbladder. 

Common Duct: The wall was extensively infiltrated with leukocytes. The 
mucosa was ulcerated. 

Pancreas : There was polymorphonuclear infiltration into the trabeculae 
(moderate). 

Experiment 4. — Five c. c. of Staphylococcus aureus and three da 3 's later a 
second injection of 2 c. c. of hemolytic streptococcus were injected into Dog 4, 
which was killed two days after second injection. 

Necropsy Findings. — Liver: There was no gross change. Microscopic: There 
was diffuse hepatitis but again it was more marked at the peripheries of the 
lobules and in the interlobular tissues. 

Gallbladder : It was adherent to the liver. The wall was graj'ish-pink. iMicro- 
scopic : There was rather marked leukocytic infiltration of the wall, especially 
in the outer layers and more particularlj'- in the aspect of the gallbladder away 
from the liver (that part covered bj' peritoneum). This is where most of the 
lymphatics are (Poirier and Charpy). Mucosa was not particularly affected. 

Pancreas : The same type of lesion as already described under earlier 
e.xperiments was found here. 

Dogs 5, 6, and 7 showed lesions essentially similar to tliose already described. 
Dog 5 received 3 c. c. of hemolytic streptococcus three days after an initial 
injection of S c.c. of staphylococcus. In Dogs 6 and 7 there were fibrinous 
adhesions between the gallbladder and the liver. 

SUMMARY 

In man)' cases, probably in a majority, cholecystitis represents a 
direct extension to the wall of the gallbladder from a liver already 
inflamed. The hepatitis usually begins and is most marked in the 
interlobular, or periportal, tissues; and it is apparently due to infection 
brought to the liver by the portal A'ein, and, more rarely perhaps, by 
the hepatic artery. A pericholangitis then occurs, and because of tlie 
intimate anastomosis between the lymphatics of the intraliepatic and 
extrahepatic biliary systems a direct extension into the wall of the 
gallbladder takes place as well as into the conimon duct and the 
pancreas. From the antecedent hepatitis, therefore, a cholecystitis, 
choledocbitis and pancreatitis can be under.stood to occur if in the 
consideration of inflammations in this locality we apply the well known 
fact concerning inflammation in general, namely, that it e.xtends by 
way of the lymphatics. We believe that the ideas expressed in this 
article explain more readily than any others heretofore oftcred the 
frequent and well recognized association of biliary tract infections with 
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lesions of the portal system (aj>pendicitis, ])eplic ulcer, typhoid fever, 
suppurating hemorrhoids, etc.). It has been .shown ai.so that he|)atiti.s 
may follow the experimental production of cholecystitis b}' direct 
inoculation of organisms into the gallbladder. This possibility suggests 
that, frequently perhaps, a vicious circle between the gallbladder and 
liver is establi.shed whereby each may reinfect the other; and it forcibly 
emphasizes the desirability of cholecystectomy rather than cholccystos- 
tomy because by this means the vicious circle can most readily be 
broken. The ideas here exju'essed also furnish added evidence of the 
necessity of treating, in addition to the gallbladder, any coexisting 
lesions of the portal system. 

While the opinion is expressed here that many, and perhaps the 
majority of, cases of cholecystitis represent a lymphatic sprearl from the 
liver, we recognize also that some arc doubtless hematogenous in origin, 
some perhaps are contact infections from bacteria carried down in the 
bile and a few perhaps may have originated in an ascending infection 
of the common duct through its lymphatics or have been due to a 
chance contact of a gallbladder with an inflamed contiguous organ. 

Note. — Since writing this article we have seen an article by George 
P. Muller on the “Pathology of Cholecystitis” (Brooklyn M. j. 19:11, 
1905) in which he suggested in 1904 the lymphatic origin of chole- 
cystitis. He states, “It is reasonable, therefore, to conclude that 
infection from the portal vein may reach the gallbladder through the 
superficial collecting lymphatics as well as from the bile.” He apparently 
considers this rather a rare occurrence, however, as he slates : 

Clinically, attention has been called by Ochsner and others to the association 
of gallstones and appendicitis, but in the rather extensive series of gallbladder 
operations performed by Dr. Deaver, we have found but one case in which the 
bile infection might be directly traceable to a diseased appendix, while upon 
the other hand in several thousand operations upon tlie appendix the connection 
is quite as limited. 
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to nature. Cooper (1822), more sensible than cither, merely recounted 
what he had seen, avoided speculation about what he had not seen, and 
was silent on subjects about which he had no knowledge. Maisonncuvc 
(1840) and Tillaux (1872) studied the mechanism by experiments on 
the cadaver, and though they were both correct, they came to diflcrcnt 
conclusions; and Tillaux thought his work had entirely invalidated that 
of Maisonneuve. Hdnigschmicd’s (1877) experiments on cavadcrs 
(125 in all) ma}'^ he said to have carried this means of investigation to 
its limit; and though suhsequent students, including myself, have 
repeated such experiments, it is evident that this method of invc.stigation 
has man}^ limitations, as it is impo.s.sihlc to reproduce in the cadaver 
the falls which living patients suffer and the muscular tension to which 
their limbs are constantly subjected. 

Stimson’s " study, in 1892, was the last one of importance before 
the advent of the roentgen ray; and it was Destot * (1911) who first 
of all published extensive observations of ankle Iracturcs illustrated by, 
and based on, roentgenographic studies. It is strange that no Engli.sh 
writer since Cooper has made a special study of fractures at the ankle, 
and that with the exception of Stimson, already mentioned, no American 
surgeon has made a particular study of the subject, though Scudder, 
Cotton, Roberts and Kelly, and Speed have discussed it at greater or 
less length in their textbooks on fractures. It is evident, however, to 
any attentive student of the subject that most of the recent writers, 
if not, indeed, all, demonstrate by their statements that they have not 
themselves read, or at any rate have not read with understanding, the 
works of their predecessors — especially of Dupuytren, Cooper, Maison- 
neuve and Tillaux. Most surgeons think they know what they mean by 
a “Pott’s fracture,” but as I said before, there is little use in knowing 
much, or anything, about a type of fracture which does not exist. 

What is Pott’s fracture? Let Mr. Percivall Pott tell in his own 
words (1769).® 

3. Cooper: Treatise on Dislocations and Fractures of tlie Joints, London, 
1822. 

4. Maisonneuve: Arch. gen. de med. 1:165, 433, 1840. 

5. Tillaux, cited by Gosselin : Bull, de I’Acad. de med., Paris, Series 2 1 : 
817, 1872. 

6. Honigsehmied : Deutsch. Ztschr. f. Chir. 8:239, 1877. 

7. Stimson: New York M. J. 55:701, 1892. 

8. Destot: Traumatismes du pied et rayons-x, Paris, 1911. 

9. It should be borne in mind that Pott is discussing the importance of treat- 
ing fractures of the leg bones in the flexed position (the limb resting on its outer 
surface with the knee bent), and hence that he speaks of fractures of the fibula 
onl}^ incidentally. 
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"'I’lii' liml) most rdiniiinnly iu'cmtvos its fij^iirc aiul Iciiglli . . i if the 
libiiln only lie luolceii. in all that iiart nf it which is superior to letter // in the 
annexed lii;nre" (iMf;. 1). “or in any part of it hetween its upper extremitj% 
and within two or three inches of its lower one. ... I have already said 
. . . that the sup()ort of the body and the due and jiroper use ... of the 
joint of the ancle depend almost entirely on the iierpendicular hearing of the tibia 
upon tile astragalus, and on its firm connection with the fibula. If cither of these 
he iicrvertcd or prevented, so that the former bone is forced from its just and 
tierjiemlicnlar jiosition on llie astragalus, or if it he separated by violence from 
its ronncclion with the latter, the joint of the ancle will suffer a partial dislo- 



Fig. 1.— Illustration from Pott's work, “Some Few General Remarks on 
I'laciures and Dislocations," London, 1769, facing p, 69. 


cation internally; which partial dislocation cannot happen without not only a 
considerable c.xtension or perhaps laceration of the bursal ligament of the 
joint, which is lax and weak, but a laceration of those strong tendinous liga- 
ments which connect the lower end of the tibia with the astragalus and os calcis, 
and which constitute in great measure the ligamentous strength of the joint 
of the ancle. 

“This is the case when, by leaping or jumping, the fibula breaks in the weak 
part already mentioned, that is, within 2 or 3 inches of its lower extremity. 
When this liappens, the inferior fractured end of the fibula falls inward, toward 
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Fig. 2. — Illustrations from Cooper’s “Treatise on Dislocations and Frac- 
tures of the Joints,” London, 1822, Plate XVT, Figs. 1 and 2. ‘‘Fig. 1 shows the 
dislocation of the tibia inwards at the ankle-joint: A, the nialleolns internus 
of the tibia thrown on the inner side of the astragalus ; B, a portion of the 
tibia split off; C, fibula broken; D, the broken portion of the tibia adhering by 
ligament to the fibula; E, the malleolus externus of the fibula, with the broken 
portion of the tibia adhering to it, and F, astragalus thrown outwards. Fig. 2 
shows the dislocation of the tibia outwards, at the ankle-joint: A, the tibia; 
B, the fibula , C, the os calcis ; D, fracture of the tibia at the malleolus internus, 
which has become reunited ; E, extremity of the fibula broken, and, F, tibia 
thrown on the outer side of the articulatory surface of the astragalus, to which 
it is anchylosed.” 
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altered, that instead of performing their appointed actions, tiicy all contriinite 
to the distortion of the foot, and that by turning it outward and upward.” (Note 
that there is not a word of posterior displacement, and that this is not shown 
in the plate, here reproduced as Figure 1.) 

This description, and tlie accompanying illustration, call for several 
remarks. It is to be noted, first, that l^ott's fracture, as described and 
pictured by himself, is a primary, nearly lransver.se, fracture of the 
fibula, attended by a subsequently produced “jtanial dislocation” of the 



Fig. 4. — Transverse section of leg through inferior tibiofibular joint, showing 
fibula lodged in its groove formed by the anterior and posterior tubercles of 
the tibia. Note the obliquity of the intermalleolar axis, forming an angle of 
50 degrees with the axis of motion of the ankle joint, which is nearlj^ trans- 
verse. Note that the anterior tubercle projects laterally much farther than 
the posterior, so that in anteroposterior roentgenograms its shadow much 
overlaps that of the fibula. (From a preparation in the laboratory of operative 
surgery. University of Pennsylvania.) 

ankle joint internally. Second, the fracture of the fibula occurs at, or 
below, the point marked A in the illustration (“within 2 or 3 inches of 
its lower extremity”) ; and the upper end of the lower fragment is 
described as falling in against the tibia, while the external malleolus 
is turned outward. Third, there then is supposed to occur rupture of 
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the liiramciUs below the internal malleolus, with a partial dislocation 
of the tibia inward, off the trochlea of the astragalus, as the latter bone 
turns outward, around a more or less anteroposterior axis. Now, such 
a fracture of the fihula docs not occur as a type, as may be readily 
verified by the examination of any scries of roentgenograms or post- 
niorlcm siiccimcns; and if it did occur, it would be impossible for the 
uj)])er end of the lower fragment to fall in against the tibia, for the 



Fig. 5. — Posterior view of tlie ankle joint, all structures removed except the 
bandlike ligaments. Note the interosseous membrane, its fibers passing down- 
ward from the tibia to the fibula, the similarb' directed fibers of the posterior 
inferior tibiofibular ligament; the middle band of the external lateral (fibulo- 
calcanean) ligament; the posterior band of the external lateral ligament (fibulo- 
astragalar ligament) attached to the lateral tubercle of the astragalus ; the 
posterior fibers of the internal lateral ligament, and the posterior surface of the 
internal malleolus grooved for the tendon of the tibialis posticus. (From a 
preparation in the laboratory of operative surgery. University of Penns 3 dvania.) 


reason that the fibula is already closely applied to the tibia at the point 
described. There is barely room to insert the blade of a scalpel between 
the bones at a point 3 inches (7.5 cm.), or less, above the tip of the fibula. 
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It was the particular merit of Dupuytren to systematize the teaching 
of various pioneers, such as Pott (1769), Bazille (1771), Bromfeild ” 
(1773) and Poutcau (1783), who had recognized, as fractures, 
lesions which had been regarded by former generations as dislocations ; 
and it is to Dupuytren’s memoir on “The Fracture of the Lower End 
of the Fibula”^-"’ that surgery is principally indebted for its understand- 
ing of all these ankle fractures. It is true that Gosselin (1872) 
reproached Dupuytren with having propounded his theories of 
mechanism merely by means of his reasoning, and not on a basis of 
clinical observations or cadaveric orperiments (though Dujjuytren 
made a number of the latter, and presented records of 207 patients 
with ankle fractures). But there is much justification for Dupuytren’s 
statement that the mechanism det, ailed by patients cannot be relied on, 
since it is well known that in dislocations of the shoulder, for instance, 
they all will say the injury resulted from a fall on the point of the 
shoulder (because that is where they fee! the pain), whereas the 
state of their elbow or hand proves quite the contrary. Similarly, I 
have known a patient with an ankle fracture badly united in abduction 
(fibular flexion) to assert that it was produced by adduction (tibial 
flexion), because her heel was prominent beneath the internal malleolus 
just after the accident ; not realizing that the heel had been brought into 
that position by outward di.splacemcnt of the point of the foot, the 
astragalus turning around the long axis of the leg. 

Now it is to be noted tliat Dupuytren, who commended Pott for liis 
accurate delineation of the typical fracture of the lower end of the 
fibula, was evidently of the belief that the typical fracture which he 
himself was describing was the same as that of Pott; and that this 
is still the opinion of the French is manifest from a footnote of 

10. Bazille: Mem. sur Ics sujets proposes pour Ic prix de I’.Acad. Roy. de 
Chir., Paris 4:563, 1778. 

11. Bromfeild; Chirurgical Observations and Cases, London 2:78, 1773. 

12. Pouteau; Oeuvres posthumes, Paris 2:267, 1783. 

13. This memoir was said by Xelaton (Elements de path, chir., Paris 1:810. 
1844) to have been read by Dupuytren in 1813 before the Academic de sciences. 
However, I have searched the "Proces-verbaux des seances de I’Academie des 
sciences” (Paris 5:1812-1815) and find no reference to such an event; and 
Quenu (Rev. de Chir. 45:5 (Footnote 2) 1912) states that he has had the 
original records of the Academy searched page by page, without finding any 
trace of Dupuytren's Memoir; and saj^s that “until further information” he 
will consider as “memoire priiiceps” the appearance of the essay in the 
“Annuaire medico-chirurgicale des hopitaux et hospices civiles de Paris,” 
1819, p. 1. The essa}' is most easily accessible where first reprinted, in the 
second edition of Dupu 5 'tren’s “Legons orales” (Paris 1:275. 1839). 

14. Dupuytren; Legons orales de clinique chir., Ed. 2, Paris 1:328, 1839. 
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QuOnu.'-' in whicli he says that the French mean by Dupuytren’s 
fracture precisely what the English mean by Pott’s. So that it is 
somewhat confusing to have J, Hutchinson, Jr.,’'’ and some recent 
writers name and illustrate as Dupuytren’s fracture a lesion which 
I3npuytrcn '• encountered only once in more than 200 cases, and which 
consisted in a fracture of the fibula, rupture of the tibiofibular 
ligaments, and displacement upward of the astragalus along the fibular 
side of the tibia. As it is a fact that the fracture at the ankle most 



Fig. 6 . — Frontal section of the ankle joint. Adduction causes tension on 
external lateral ligament and if forced will tear off the external malleolus. 

often seen, and therefore the most typical fracture, is that first described 
accurately by Maisonneuve (1840),^® it is safe to assume that both 

15. Quenu: Rev. de chir. 46:367 (Footnote 2) 1912. 

16. Hutchinson: Tr. Path. Soc., London 39:238, 1887-1888. 

17. Dupuytren : Footnote 14, p. 368. 

18. Though, unfortunately, it is not known 63 ' his name, which is attached 
to a fracture produced experimentalb' by him on the cadaver, but which he 
never saw clinically. The most frequent and most t 3 'pical fracture the French 
now call the “low Dupuytren” to distinguish it from the true Dupuytren or 
Pott fracture, which they name "Dupuytren type.” 
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Pott’s and Dupuytrcn’s descriptions applied to this fracture and not 
to the rather hypothetic type they thought they were describing. 

However, there is a typical, though rare, fracture at the anlde 
which corresponds closely enough to the original illustration of Pott 
to make it worthy of being called by his name; it is a typical “flexion 
fracture” (Biegungsbruch) of the fibula, usually 8 cm. (3t/| inches) or 
higher above the tip of the external malleous, accompanied by fracture 
of the internal malleolus and almost invariably by rupture of the inferior 



Fig. 7. — Frontal section of the ankle joint. Abduction causes tension on 
internal lateral ligament and will rupture this or fracture the internal malleolus 
before outward pressure on the external malleolus will fracture the latter or 
cause diastasis between tibia and fibula. (This specimen and that shown in 
Figure 6 are from a preparation in the laboratory of operative surgery, 
Universit}' of Pennsjdvania.) 


tibiofibular ligaments, permitting a diastasis between tibia and fibula. 
It is such a fracture as is illustrated in Fgure 26; and may well be 
called Pott’s fracture, even though Pott in his own description placed 
the seat of the fibular fracture too low, and ignored the fracture of the 
internal malleolus and the tibiofibular diastasis. 

Cooper 3 (1822) did not get away from the idea of the paramount 
importance of the dislocation of the tibia in these lesions (nor, it may 
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be remarked, did Malgaignc, Hamilton, Treves, or Stimson, maii)^ years 
later) ; and be described (be fractures as mere incidents. But any 
modern surgeon will find it difficult to bring forth as extensive' a list 
of severe anldc lesions as that recorded by CooiJer, though he can easily 
excel Cooper in the number of lesions which (owing to the absence of 
deformity) can be certainly recognized only with the aid of the 
roentgen ray. 



Fig. 8. — .An illustration of Maisonneuve’s explanation of fracture of the 
external malleolus by outward rotation of the foot around the axis of the leg. 
The books represent the malleoli and the ruler represents the foot. See page 100. 

Cooper describes succinctly, but accurately, the following main 
groups of lesions ; and scarcely one additional type has been discovered 
since, even with the aid of roentgenography; 

1. Simple Dislocation of the Tibia Imvard . — In this case there is a fracture 
of the fibula, two inches above its tip, carrying with it an attached fragment of 
the tibia the lower end of the upper fragment of the fibula rests on top of the 


19. This is the “intermediate fragment” known to the French as the “third 
fragment of Tillaux,” who produced it frequently in his cadaveric experiments. 
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astragalus,"" and the til)ia with tlie internal malleolus intact descends on the 
median surface of the astragalus. (This is illustrated in Figure 1 of Plate 16 
of Cooper’s monograph, first edition, 1822. and is reproduced here as Figure 2. 
The figure was copied hy Vidal de Cassis*' in his second edition [18-16] as 
Figure 53 and the lesion was for many years known in France hy his name; 
until Quenu recently called attention to the fact, fpiite clearly stated hy Vidal, 
that the illustration was copied from Cooper.) This, says Cooper, is the most 
frequent of the dislocations of the ankle. It corresponds i)rohahly to the form 
now known to the French as the “low Dnpuytren’’ fracture, though in the latter 
t}'pe, which is ver}’ frequent, there is very seldom any intermcfliate fragment 
detached from the tihia. 



Fig. 9. — Oblique fracture of the fibula through the inferior tibiofibular joint, 
produced by an osteotome; in the first figure the foot is in the anatomic 
position ; in the second it has been rotated outward around the axis of the leg, 
which is the only motion that will cause separation of the fragments. See 
page 101. 

2. Simple Dislocation of the Tibia Forivard . — In this case there is a fracture 
of the fibula, three inches above its tip; the internal lateral ligament is partlj' 
lacerated; the tibia and upper fragment of the fibula advance forward, and the 
tibia rests on the upper surface of the scaphoid and internal cuneiform. In 

20. Richet (Uni6n med. 20:142, 1875) described such a case in which the 
astragalus was penetrated by the upper fragment of the fibula. Roentgenograms 
in anteroposterior view often show such an appearance, but the lateral views I 
have seen have always demonstrated that the fibula was behind, or very rarely in 
front of, the astragalus. Richet’s lesion was demonstrated at necropsy. 

21. Vidal de Cassis: Traite de pathologic externe, Ed. 2, Paris 2:394, 1846. 
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f'artial dislocatio)! of ihc libin forxvard, the articular surface of the tibia is 
divided in two ; llic anterior part rests on the scapiioid and tlic posterior on tlie 
astrnKalus. The fracture of tlie fibula (as shown in Plate 17, Figs. 1 and 2. of 
Cooper’s monograph, reproduced here as Figure 3) runs obliquely up and 
hack, through the inferior tihiofihular joint. Thus there is here accurately 
described the posterior marginal fragment of the tibia, which many recent 
writers think they were themselves the first to discover after the introduction 
of roentgenography (Dcstot, Chaput. Cotton, Sear, etc.). 

3. Sitiipl,' Dislonilioii of the Tibia Ottlxoard. — This, says Cooper, is the most 
dangerous of the three, for it is produced by greater violence, etc. The internal 



Fig. 10. — Mi.xcd oblique fracture of the lower end of the fibula: the first 
lesion resulting from external rotation (A, I) ; occurs as isolated lesion in 25 
per cent, of all cases of fracture of the ankle ; as combined lesion, in 61 per cent. 
Usually invisible in anteroposterior views. 

malleolus is obliquely fractured and separated from the shaft of the bone; the 
fractured portion sometimes consists only of the malleolus ; at other times, the 
fracture passes obliquely through the articular surface of the tibia, which is 
thrown forward and outward on the astragalus before the external malleolus. 
The astragalus is sometimes fractured, and the lower extremity of the fibula is 
broken into several splinters. The internal and external lateral ligaments are 
usually intact; but if the fibula is not broken, the external lateral ligaments 
are ruptured. (Note that there is here described the “fracture by adduction” 
with a splitting oflr of a greater or less portion of the medial surface of the 
tibia— illustrated in Figure 2, from Cooper— a lesion which Tillaux thought 
had not before his time been observed by any surgeon). 
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to be the most frequent variety,” and (2) liy abduction, when, from pressure 
upward and laterally by the astragalus on the external malleolus, the latter 
was forced outward until the fdjula broke at its weakest point, tiamcly, entirely 
above the malleolus, that is, in the region described by Pott; this fracture being 
usually accompanied by a secondarily i)roduccd fracture of the internal malleolus 
or rupture of the internal lateral ligament. The second variety was thought by 
everybody, e.xcept Dupuytren, to be the most frequent. 

Now Maisonneuve proposed another mechanism, which he believed explained 
the production of the most common type of fracture: this was simple deviation 
of the point of the foot outward, that is. external rotation of the foot in the 




Fig. 13. — Mixed oblique (incomplete) fracture of fibula, complicated by, and 
subsequent to, avulsion of the anterior tubercle of tibia. 


22. Dupuytren contended that the usual fracture which he described (and 
which he thought corresponded to that shown in Pott’s illustration) was pro- 
duced by a primary tearing off of the external malleolus when the foot turned 
so that the patient stepped on the outer edge of the sole; and that the rupture 
of the internal lateral ligament or fracture of the internal malleolus was 
produced secondarily by the patient’s attempts to walk ; whereupon, the external 
malleolus being already broken, the foot was forced into valgus; but he stated 
that when fracture of the fibula followed a turning outward of the foot, the 
internal malleolus broke first and the fibula only secondarily (Footnote 
14, p. 327). 
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The resulting deformity, he found, was precisely the picture drawn 
by Dupuytren {“coup dc Iiachc,” etc.) ; and all of these phenomena 
disaiDpeared when the position of the foot was corrected. If the inferior 
tibiofibular ligaments break, during this external rotation of the foot 
around the long axis of the leg, there occurs a greater or less diastasis 
of the inferior tibiofibular joint; and if the movement still continues, the 
fibula breaks not at the usual site, but in its upper third, or at least in its 
middle third. It is to this fracture of the fibula in its upper third, 
produced after diastasis of the inferior tibiofibular joint has occurred. 



Fig. 15. — Incomplete fracture of fibula below its head (A, I, Variant), appar- 
ently from compression in its long axis (see pp. 103 and 107). No bone lesion 
at ankle. There was a history of a fall down three steps while carrying a load of 
100 kilograms on the back. Injur 3 ’^ occurred so quickly the patient did not know 
whether he turned his ankle or struck the side of his leg against the marble 
steps. Pain was so great that he had to be brought to the hospital by a 
patrol wagon. Examination showed fracture in the upper third of the left 
fibula (crepitus and deformity). The ankle was swollen over the external 
malleolus. 

that the name of Maisonneuve’s fracture has been attached ; though 
he never encountered such a case clinically. 

Maisonneuve’s chief contribution was his recognition of the oblique 
fracture of the lower end of the fibula as the first stage of a lesion 
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frcquentl_v incliidingf also a fracture of the internal malleolus or a 
rupture of the internal lateral ligament; and it is a pity that his name 
is not applied to this very frequent fracture rather than to one of the 
utmost raril}'. Moreover, he was no doubt correct, as I have previously 
intimated, in believing that this was the lesion whose clinical signs were 
described by Dupuytren, and that the latter erroneously thought these 



Fig. 16. — Diastasis with displacement of fibula behind tibia. The anterior 
tubercle of tibia has been torn off and accompanies the fibula, which is nor 
fractured. Diastasis by external rotation (mechanism described by Huguier : 
(a) anteroposterior view, and (b) lateral view before reduction. See also 
Figure 17 (A, I, complication) and page 103. 

cases were such as had been depicted by Pott. Maisonneuve’s chief, and 
almost his only, error, as it seems to me, was his failure to appreciate 
that a lesion did exist, consisting of a fracture well above the inferior 
tibiofibular joint, associated with fracture of the internal malleolus 
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or rupture of the internal lateral ligament, and that this type of fracture, 
though rare, was yet much less rare than a fracture of the fibula in 
its upper third or even in its middle third. 

After Maisonneuve, Tillaux " (1872), Tillaux did not distingui.sh in 
his cadaveric experiments between abduction (fibular flexion) of the foot 
and the same movement combined with slight outward rotation (i. e., 
around the long axis of the leg). Abduction, he found, caused (a) 
rupture of the internal lateral ligament or tearing off of the internal 



anterior tubercle of tibia clearly seen. 

malleolus, or (6) the same lesions plus fracture of the fibula above the 
inferior tibiofibular ligaments, or 6 to 7 cm. above its tip ; the tibiofibular 
ligaments may not rupture, but the degree of rupture of these ligaments 
determined the degree of the displacement; and he found the fibula 
could not be broken in abduction movements unless the internal 
malleolus or the internal lateral ligament had been previously broken. 
He also called particular attention to the great frequency of a fragment 
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of bone lorn off the lateral border of the tibia by the inferior tibiofibular 
ligaments; this fragment has since been known to the French as the 
“third fragment of Tillaux” (remember it had been described and illus- 
trated by Cooper and b}^ Vidal de Cassis)."^ 

It is thus seen that while Maisonneuve minimized the mechanism 
of pure abduction, Tillaux magnified it out of all reason; for the fact 
remains that the vast majority of fractures are not of the type pro- 
duced cxj)erimcnlally by Tillaux by abduction (and which correspond 
rather to the original t 3 'pe with which Pott and Dupuytren thought 
they had to deal), but are of the tjqje produced experimentally by 
Maisonneuve by external rotation. In bis description of the results 
ot adduction (tibial flexion), Tillaux agreed with his predecessors 
and successors (the results are noted below under the account of 
Hdnigschmeid’s experiments) ; but he also describes a rare result of 
adduction wbich consists in a transverse supramalleolar fracture of the 
tibia sometimes occurring in those cases in which the fibula breaks 
above the inferior tibiofibular joint instead of below it (Fig. 43). This 
mechanism, he says, involves great strain on the superior tibiofibular 
joint until the fibula breaks above its malleolus ; and he observed a case 
in life in which this transverse supramalleolar fracture (of the tibia 
only) was com 2 flicated by a diastasis of flie upper tibiofibular joint. 
(In this connection, one of the sjiecimens from the Mutter Museum 
is of much interest.) 

Honigsehmied (1877), as alread}'^ remarked, made 125 experiments 
on the cadaver, to determine the mechanism of ankle fractures, and 

23. Soiiligoux (Bull, et mem. Soc. cle chir. cle Paris 38:1103, 1912) described 
two unpublished diagrams made by Tillaux to illustrate this “third fragment:” 
the anterior view showed the anterior tubercle of the tibia torn off, while the 
posterior view showed the posterior tubercle torn off. Apparently, then, it was 
Tillaux’s opinion that either tubercle could represent his third fragment. A 
larger fragment from the inferior lateral margin of the tibia may exist, known 
to the French as the “intermediate fragment of Verneuil,” but it is quite rare. 
This seems to correspond to what Roberts and Kelly (the advance proof sheets 
of whose second edition, 1921, Dr. Roberts has very courteously sent me) 
describe as the “drunkard’s fracture.” Confusion is added to this matter by the 
statement of Thaon (Bull. Soc. anat. de Paris 45:212, 1870), in presenting a 
necropsy specimen of a posterior marginal fracture, that he had often seen this 
posterior fragment in experiments made by Tillaux; and by the statements of 
Demoulin (Bull, et mem.Soc.de chir. de Paris 38: 1103, 1912), of Mauclaire (Bull, 
et mem. Soc. de chir. de Paris 38:1141, 1912), and of Viallet (Rev. de chir. 46: 
690, 1912) that the third fragment of Tillaux may easily be mistaken in roent- 
genograms for a posterior marginal fragment. Aly own belief is that the third 
fragment of Tillaux is the anterior tibial tubercle and that the fragment com- 
posed of the posterior tubercle and that known as the posterior marginal 
fragment usually are indistinguishable. 
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a brief summar}^ of them is given, as it will be necessary to refer to 
them frequently in the latter portions of this memoir. 

1. Plantar hypcrflcxion, ttacnty experiments. In fourteen cases he got rn])tnre 
of the internal lateral ligament and anterior fibers of the e.xternal lateral liga- 
ment; the rupture sometimes occurred from the tarsus, sometimes from the leg 
bones; sometimes a small fragment of hone was torn loose. In five cases (aged 
subjects), one or both of the malleoli were broken. 

2. Dorsal hyperfle.vion, Uventy-one experiments, always with previous division 
of the tendon of Achilles. In seventeen the internal malleolus was broken, by 
push of the tarsus against its tip. In two the internal lateral ligament was 
ruptured. In two the only lesion was in the tarsus. 



Fig. 18. — Mi.xed oblique fracture of fibula, internal malleolus represented 
by whole lower end of tibia (A, III). 

3. Tibial flexion (adduction or supination), seventeen experiments. In all 
the external malleolus (five) or external lateral ligament (twelve) was broken. 
He never got fracture of the internal malleolus or of the tibia. 

4. Fibular fle.vion (abduction or pronation), tzucnty-tv>o c.rpcriments. In 
fifteen the internal lateral ligament or the internal malleolus broke. In seven 
the only lesions were in the tarsal (two) or subastragalar (five) ligaments. 
He never obtained a primary fracture of the external malleolus : in two cases 
only did it break, the lesion being a compression fracture at its tip. (If the 
inferior tibiofibular ligaments had previously ruptured, the weight of the 
patient’s body, in a fall, would have fractured the fibula above these ligaments.) 
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6. Outzvard rotation of foot around long axis of leg, tzventy-tzL’o experiments. 

(1) In twent}', fracture of tlic lower end of liie fibula occurred: (a) in 
fourteen of these there was no diastasis of the inferior tibiofibular joint; in 
two there was rupture of the external lateral ligament with sprain fracture of 
the tip of the external malleolus. In seven there was only slight obliquity of 
the fracture line, upward and backward (four had no other lesion, three had 
also rupture of the internal lateral ligament). In five the line of fracture was 
distinctl}' oblique, involving more of the posterior surface of the fibula (two 
of these five had also rupture of the internal lateral ligament). (/;) In six cases 
there was diastasis, usually detaching a small intermediate fr.igment from 




Fig. 20. — Abduction fracture, first degree (B, I) : avulsion of internal 
malleolus. In this patient the internal malleolus extended abnormally low. 
This fracture occurs in 6.6 per cent, of all fractures at the ankle. All forms of 
the abduction type together comprise about 21 per cent, of the cases. 

the tibia, and with rupture of the internal lateral ligament or fracture of the 
internal malleolus ; in four of these six cases the fracture of the fibula was 
oblique upward and backward, and in the remaining two cases the fibula was 
broken obliquely in its upper third (i.e., Maisonneuve’s fracture). 

(2) In two cases diastasis occurred without fracture of the fibula. 

Honigsehmied concluded that these oblique fractures of the lower end of 
the fibula produced during external rotation are not due, as Maisonneuve 
taught, to the outward pressure of the astragalus on the anterior border of 
the external malleolus, but to the pull exerted by the posterior band of the 
external lateral ligament, which tears off the posterior portion of the malleolus. 
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Destot, in the thesis of Bonclet (1899) and in his own monograph ® 
(1911), attempted a physiologic classification, abandoning that based 
on the mechanism. He pointed out that the main function of the tibia 
was that of support, while the fibula acted merely as a splint along the 
outer side of the ankle joint to maintain the direction of the foot. 
Thus his classification embraces (1) those fractures which involve only 
the mortise, and disturb the equilibrium of the foot; and (2) those 




Fig. 21. — Fracture of fibula below inferior tibiofibular ligaments, with very 
slight obliquity, accompanied by rupture of the internal lateral ligament, as 
evidenced by lateral displacement of astragalus. This type of fracture is 
intermediate between the fracture by external rotation already discussed and 
the fracture by abduction. It is impossible from the roentgenogram alone to 
say to which of the two types such a fracture really belongs (A, I or B, I). 

which involve the “pilon tibial” (the tibial “pestle”) and hence com- 
promise the support of the body. Quenu (1912) addressed very 
severe criticisms against this classification, and, pointing out that the 


27. Bondet: These de Lyon, 1899. 

28. Quenu: Rev. de chin 45:1, 211, 416, 560, 1912. 
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the tibiofibular ligaments act as a fulcrum, so that the fibula is bent in against 
the tibia above the attachment of these ligaments, and finally breaks at this 
point from five to eight cm. above the ankle joint; the internal malleolus often 
is avulsed from the tibia, at the same time; and to ibis combined lesion the 
name of Pott’s fracture is given.” (Asbburst; Surgery, Philadelphia, 1914. 
p. 380.) 

“What is a Pott’s fracture? . . . It is a fracture of the lower end of the 
fibula that is produced by the foot turning outward when the injury is sustained. 
What happens when the foot turns outward? The e.xtcrnal surface of the 
astragalus presses against the tip of the external malleolus, and the fibula 



Fig. 23. — Crush fracture of calcaneum permitting fracture of external 
malleolus by compression. See page 99. 


breaks primarily. If the interosseous ligament is strong, the fibula breaks 
within the first two and one-half inches above the tip of the external malleolus, 
otherwise only the tip of the fibula is broken off on a line with the tibio- 
astragaloid articulation, as in the case before us today. In a typical Pott’s 
fracture the fibula fractures higher up. 

“Next occurs a fracture of the internal malleolus, due to traction on the 
internal lateral ligament or rupture of the ligament. Then, as the pressure 
is continued with the foot everted and the weight of the patient’s body is brought 
to bear on the foot, what happens? The astragalus is crowded up against the 
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tibiofibular articulation, and, acting as a wedge, forces apart the tibia and 
fibula and splits or tears the interosseous ligament.” 

“Tlie mechanism of Pott’s fracture consists first in forcible eversion of the 
foot until the outer surface of the astragalus is driven against the fibular 
malleolus; secondlj', in fracture of the shaft of the fibula, usually above the 
inferior tibiofibular joint, the unyielding interosseous ligament acting as a 
fulcrum; thirdly, by a continuation of the vulnerating force, the acute supero- 
cxtcrnal border of the astragalus develops as a wedge and is driven upward 
between the tibia and fibula until it springs the joint by lacerating the 
interosseous membrane.” 

Cotton “ (1910) describes all “eversion fractures” as Pott’s fractures, and, 
though he points out the inaccuracy of this term, does not dwell particularly 
on their mechanism, merely quoting Stimson’s account already given. 

I 


a 



i 

f 

b 



> 


c 




Fig. 24. — Messerer’s diagram illustrating the mechanism of fracture by 
bending (Biegungsbruch) or flexion: (a) minute examination always shows in 
fractures apparently transverse delicate lines diverging from the main fracture 
and extending backward toward the surface of the bone which has been com- 
pressed or flexed, and away from the st^’'face of extension; (b) an oblique 
fracture represents one of these diverging lines which has become a complete 
fracture; (c) very frequently a wedge-shaped fragment is detached, with its 
base on the compression (concave) surface and its apex toward that of 
extension (convex surface). See Figures 25, 26, 28, 29, 35, 36. 


31. Murphy: Surgical Clinics, Philadelphia 3:2, 1914. 

32. Murphy: Surgical Clinics, Philadelphia 1:620, 1916. 

33. Cotton: Dislocations and Joint Fractures, Philadelphia, 1910, p. 545. 




so 


ARCH 11 'HS OP SURGERY 


Roberts and Kelly”' (1916), in describing “fracture by eversion and abduc- 
tion,” say the mechanism is first fracture of the internal malleolus or rupture 
of the internal lateral ligament; “as the force continues the astragalus is forced 
against the external malleolus, fixing the latter, at the same time the weight 
of the bod}' falling outward carries with it the leg and the fibula; the fibula 
is checked by the astragalus [Do they mean that the external malleolus is 
kept from moving inward as the body of the fibula moves outward?] and 
kept attached to the tibia by the tibiofibular ligament; cither the latter ruptures 
or a line of fracture occurs at the weakest point of the fibula just above the 
point of attachment of the tibiofibular ligament. It is here that the fixed portion 




Fig. 25. — Fracture by abduction, second degree (B, II, b) (Pott’s fracture, 
Dupuytren type) : a primary fracture of the internal malleolus or rupture of 
the internal lateral ligament, followed by diastasis (with or without an inter- 
mediate fragment), finally succeeded by fracture of the fibula above the inferior 
tibiofibular joint by bending (Biegungsbruch). 

of the fibula meets the potential moving upper portion, and fracture occurs 
about 2 to 2% inches above the malleolus. The line of fracture of the fibula 
depends to a great extent on whether the fall is directly outward, or whether 
some torsion of the tibiotarsal joint occurs at the moment of fracture.” 


34. Roberts and Kelly : Treatise on Fractures, Philadelphia, 1916, p. 580. 
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On page 590, they describe another ( ?) mechanism : “In addition to the 
mechanism described under fibular fracture, there is the effect due to the weight 
of the body being applied simultaneously with the violence causing the supra- 
malleolar fracture of the fibula ; bj' this force the outer trochlear surface of the 
astragalus is carried sharply against the outer portion of the articular surface 
of the tibia, by external rotation and abduction of the foot, so that either the 
tibiofibular ligament must give wa}' or the outer edge of the tibia be broken 
away from the shaft. Dislocation upward of the astragalus between the tibia 
and fibula may occur." 



Fig. 26. — Fracture by abduction, second degree (B, II, b) (Pott’s fracture, 
Dupuytren tj'pe) : diastasis evidenced by detachment of fragment from 
anterior tubercle of tibia (intermediate fragment) ; fracture by bending clearly 
shown bj^ detachment of wedge from concave side of fibula. 

Rose and Carless’’ (1920) distinguish between Pott’s fracture and Dupuy- 
tren’s fracture thus : 

“In Pott’s fracture, sudden abduction, usually combined with eversion of the 
foot, results in severe strain on the internal lateral ligament, which gives way, 
or the base of the internal malleolus is torn off. The astragalus is at the same 
time driven outward against the external malleolus, and the force is thence 
transferred up the fibula, which bends and breaks' at some weak spot. Gen- 
erally, eversion is a large element in the force that produces the fracture which 
then runs obliquely from above downward and forward through the malleolus; 


35. Rose and Carless : Manual of Surgery, Ed. 10, London, 1920, p, 632, 
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less frequently it is clue to a pure abduction and may tlicn be situated in the 
position originall}' described by Pott, viz., about three inebes above the tip of 
the malleolus, and is transverse, the upper end of the lower fragment being 
displaced inward toward the tibia. The inferior interosseous ligament remains 
intact. . . . 

“In Dupuytren’s fracture a much more serious lesion is jiroduced. The 
interosseous tibiofibular ligament yields more or less completely, or the flake of 
the tibia to which it is attached is torn off." 

Speed’'’ (1916) thus describes the mechanism of fractures about the ankle 
(p. 772) ; “When abduction and eversion of the foot are tlie cause of tiie 
fracture, the astragalus is luished outward, and the filnila tends to break at a 



Fig. 27. — Diastasis of inferior tibiofibular joint, following rupture of internal 
lateral ligament, but not succeeded by fracture of fibula (B, II, b, 1, Variant). 

point above the termination [presumably he means the upl>er termination] of 
the tibiofibular ligament in a transverse or oblique line from compressive force. 
Coincidently the internal lateral ligament either ruptures, or holding its 
insertion into the tibia, pulls off the internal malleolus squarelj' near its lower 
end (Fig. 566). [This figure represents a “low Dupuytren” fracture.] If this 
eversion continues strongly, the lower fibular fragment may be separated a 
little from the tibia by tearing of the tibiofibular ligament, and the internal 
malleolus is correspondingly dragged outward by the internal lateral ligament. 


36. Speed : Textbook on Fracture and Dislocations, Philadelphia, 1916, p. 772. 
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and conies to lie under the joint surface (Fig. 567). [This figure shows a 
Pott’s fracture, with wide diastasis ; and the latter certainly preceded the frac- 
ture of the fibula and did not, as Speed contends, follow it.] Some torsion is 
present in all these cases. ... If the torsion is a more predominating 
feature in conjunction with the eversion, we obtain the spiral fractures of the 
external malleolus, as this point projects lower down than the internal malleolus 
and meets with most of the force in external torsion and eversion. [The 
reason alleged is insufficient explanation.] These spirals, in a quickly acting 
force, are above the lower end of the tibiofibular ligament which by a slight 
elasticity holds while the rigid bone gives; but in slower acting force with 
more eversion or compressive violence from the body weight, the extreme end 



Fig. 28.— Fracture of lower fifth of fibula (surgical neck) by direct violence 
(kick of horse) : there is no diastasis and under such circumstances the typical 
bending fracture (wedge detached from surface of flexion), which has been 
overcorrected by adduction of foot, could not have been produced by indirect 
violence (pressure of astragalus outward on external malleolus). 

of the external malleolus is. fractured and splintered up in a spiral manner. 
As a rule there is not much damage to the internal malleolus and the internal 
lateral ligament in this mechanism (see Fig. 568).” 

This figure shows a low mixed oblique fracture of the fibula, unreduced, 
though the foot is in adduction and inward rotation. Speed says reduction has 
not been secured because of laceration of the external lateral ligament. But 
how could such a laceration occur in the mechanism he is' discussing? Speed 
adds that “sometimes in eversion, in addition to fibular fracture, the tibiofibular 
ligament is torn, a condition permitting wide separation between the bone ends 
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and possil)ly accompanied l)y a sliell of hone iJiilled out from tlic tihia.” Writing 
(p. 785) of “malleolar fractures caused hy inversion of the foot," he says. "TIic 
meclianism of isolated fractures of the internal malleolus is that of fall or com- 
pression from body weight against the talus, which is tipiied inward hy the inverted 
foot. . . . For this result the inversion must not he great, because the pull 
of the c.xtcrnal lateral ligament would also pull olT the e.xternal malleolus.” 
(Thus he regards fracture of the external malleolus as a secondary and not 
the primary lesion in adduction fracture. But the illustration he gives as an 
instance of isolated fracture of the internal malleolus is not happily chosen 
[Fig. 592], as it shows the astragalus displaced from the external malleolus, 



Fig. 29. — Fracture by abduction, third degree (B, III). The internal 
malleolus is represented by the whole lower end of the tibia; the fibula is 
broken by bending; there may or maj"^ not be an intermediate fragment. There 
were only two cases of this kind in our series of 300 cases. 

an occurrence obviously permitted only by partial rupture of the anterior fibers 
of the external lateral ligament or sprain fracture of its tip.) 

MECHANISM 

Now, after the somewhat tedious historical review given above, it is 
worth while, before proceeding further in our inquiries, to pause a 
moment to refresh our knowledge concerning the structure and func- 
tions of the ankle. We have read of eversion, of abduction, of rotation, 
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of torsion, compression and bending, tif malleolus and fibula, of liga- 
ments and tubercles, of sprains, displacements and diastases; but it is 
clear that few authors use any of these terms in the same senses, and 




Fig. 30. — Fracture by abduction (B, II, b, 1) : rupture of internal lateral 
ligament, followed by diastasis (note the intermediate fragment), and this 
succeeded by a bending fracture of fibula, in this case at an unusually high 
level. 

that some of them probably do not know what they mean themselves. 
But what Nelaton®^ (1844) said of surgery in general may well be 


37. Nelaton: Elements de path, chin, Paris, 1844, vol. 1, Preface. 
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applied to this particular part of surgical knowledge: cii chinirgie 

n’ cst asscc abstraii pour que I'obscuriic .vV.ira.cr par Ic sujet mcme, cf 
sur Ml grand vombre dc points la science csl asscc avanccc pour que la 
verite apparaissc au inilicii dcs coniroverscs d cchii qiii la chcrchc sons 
preoccupation” And if what I succeed iti explaining in the following 
pages appears to you to be nothing new, you will admit its truth ; and I 
shall be satisfied. If on the other hand, you do not agree with my 




Fig. 31. — Fracture of posterior margin of tibia, associated with a tibio- 
fibular diastasis, as evidenced by sprain fracture at this joint. The posterior 
marginal fragment which is unusually large is visible also in the antero- 
posterior view. 

conclusions, that will not in the least disconcert me, for it will not 
impair their truth. 

The ankle joint is formed above by the tibiofibular mortise, and 
below by the trochlea of the astragalus, which fits into the mortise as a 
tenon. This trochlear surface is one fourth wider in front than behind, 
conforming to the divergent direction of the internal surfaces of the 
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malleoli. The inferior articular surface of the tibia may be described 
as the roof or ceiling (plafond) of the joint; and the articular surfaces 
of the malleoli have long been known as the “cheeks” of the mortise.®® 
That portion of the fibula zvhich projects beyond the fibial plafond is 
properly called the external malleolus; and the corresponding projection 
of the tibia is called the internal malleolus. The posterior lip of the 
tibial plafond projects so low as to have been called by Destot the 
posterior malleolus. This serves to reinforce the mortise posteriorly. 
It is further deepened by the transverse tibiofibular ligament which 




Fig. 32. — Small posterior marginal fragment in a case of fracture by 
external rotation. Notice the mixed oblique fracture of fibula; the intact 
internal malleolus (rupture of internal lateral ligament), and the complete 

posterior dislocation of the foot, the astragalus and the posterior marginal 

fragment accompanying the external malleolus. 

c 

extends from the external malleolus to the posterior lip of the tibia. 
Thus in walking, as the foot meets the ground in plantar flexion, the 
leg bones are checked in their tendency to slide forward on the astragalus 
by the wedge shape of the trochlea of the latter bone (broad anteriorly 

38. From the Greek word for cheek, Quenu derives the adjective ghiicnne, 

which he constantly employs in his classification and nomenclature of ankle 

fractures, inventing such terms as bi-malleolaire gem-sus-genieuue, geni- 
peronicre and geni-supramalleolaires. 
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and narrow posteriorly), by the corresponding divergence of the antero- 
posterior planes of the malleoli, and by the long posterior lip of the 
tibial plafond. In walking backward (always digitigrade, not planti- 
grade) the same mechanism is effective. 

The fibula is attached firmly to the tibia, but a slight range of motion 
is permitted. The interosseous membrane c.xtcnds throughout the 
length of the tibial and fibular shafts, the fibers running downward and 
laterally from tibia to fibula (as in the forearm from radius to ulna) ; 
and in addition, there are strong ligaments whose fibers run in the 
same direction, binding both ends of the fibula to the tibia, at which 




Fig. 33. — Medium-sized posterior marginal fragment in association with 
mixed oblique fracture of fibula and fracture of internal malleolus. The posterior 
marginal fragment, which is visible also in the anteroposterior view, accom- 
panies the external malleolus and the astragalus in the very marked lateral 
displacement and in the incomplete posterior dislocation. 

points only are the two bones in contact. At the upper end, where the 
head of the fibula butts against the overhanging external cond 3 de of the 
tibia, there is a synovial cavity to the tibiofibular joint ; but at the lower 
end, where the fibula is received into a longitudinal groove between the 
anterior and posterior tubercles on the lateral surface of the tibia 
(Fig. 4), no such joint cavity exists, union being effected by a dense 
feltlike interosseous ligament, reinforced anteriorly by the anterior 
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inferior tibiofibular, ligament, and posteriorly by the posterior ligament 
of the same name. The malleoli, of which. the external is the longer 
and is situated more posteriorly, serve to keep the foot (which is 
appended to the astragalus) under the leg bones. The astragalus itself 
has no muscles attached to it, and serves only as a ball in a ball-bearing 
joint to facilitate movements of. the leg bones above it and of the tarsal 
bones below and in front. The foot is attached to the leg bones by 



Fig. 34. — Large posterior marginal fragment in association with mixed 
oblique fracture of fibula and fracture of internal malleolus ; only moderate 
displacement, chiefly due to the outward rotation. 


ligaments, of which the lateral portions are best developed, constituting 
for the ankle, as in other hinge joints, lateral ligaments which hinder 
motion except in the anteroposterior plane. The internal lateral 
ligament passes from the internal malleolus in radiating direction (1) 
anteriorly to the scaphoid and median surface of the calcaneum (sus- 
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tentaculum tali) and (2) posteriori)^ to the median tubercle on the 
posterior surface of the astragalus. The external lateral ligament has 
three distinct hands, passing from the external malleolus: one goes 
forward to the lateral border of the neck of the astragalus, just above 
the sinus of the tarsus ; the middle hand ])asses downward and slightly 
backward to the calcaneum ; while the posterior, whose deep portion is 
extremely strong (Fig. 5), is attached to the lateral tubercle on the 
posterior surface of the astragalus (os trigonum), which, being from 
5 to 7 mm. posterior to the median tubercle, is the portion of the 




Fig. 35. — Small posterior marginal fragment in association with abduction 
fracture of fibula and fracture of internal malleolus. Note the diastasis, the 
typical wedge detached from the flexion surface of fibula and the posterior 
marginal fragment accompanying the external malleolus and astragalus in 
their marked lateral and posterior displacement. 

astragalus which casts the farthest posterior shadow in lateral roentgen- 
ograms of the foot. This posterior band of the external lateral ligament 
is so exceedingly strong that it is very seldom ruptured; it holds the 
astragalus almost indissolubly attached to the external malleolus,®® and 

39. Chaput (Bull, et mem. Soc. de chir. de Paris 38:1192, 1912.) saj’-s they 
are like Siamese twins. 
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in injuries of the ankle either one or other bone to which the ligament 
is attached is more easily broken than is the ligament ruptured. As 
will be shown subsequently, usually the fibula gives way when the 
strain comes; occasionally, however, the posterior tubercle of the 
astragalus is detached ; and I have seen, at least one case in which 
fracture occurred at both points simultaneously.^® 

The next question that arises is, what is the function of the fibula ? 




Fig. 36. — Posterior marginal fragment associated with diastasis and fracture 
of internal malleolus,- and with fracture of fibula by bending backward (flexion 
surface posterior, extension surface anterior) as evidenced by wedge detached 
from posterior surface of fibula. 

40. The posterior tubercle of the astragalus may sometimes be fractured by 
direct violence as it is crushed against the posterior lip of the tibia in forced 
plantar flexion of the foot. 
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Humphry “ (1858) notes that the fibula is an inconstant hone in animals: 
in carnivora and pachydennata it extends from the upper end of the tibia to 
the ankle as in man. In most rodents it is united with the tibia at the lower 
part. In ruminants it altogetlier disappears. In birds its ujjpcr extremity 
enters into the knee joint and articulates with the external condyle of the femur; 
it lies close against the tibia and dwindles and disappears about the middle of 
the leg. In reptiles, it is large, in matu- extending to the knee joint above and 



Fig. 37. — Fracture bj”^ adduction, first 
malleolus. See page 118. 



to the tarsus below. In the bat, the lower half of the fibula and the upper half 
of the ulna are retained. 

It has seemed to me, from study of the skeletons in the Museum of the 
Academy of Natural Sciences of Philadelphia, that the fibula was best developed 
and extended farthest beyond the tibia at the ankle in those animals which 


41. Humphry; Treatise on the Human Skeleton, Cambridge, 1858, p. 490. 



A SHH URST-BROMER—FRA CTURES 


93 


were most nearly plantigrade, and in which, as in man, stability rather than 
agility was demanded. In digitigrades, such as the horse and camel, there 
is no fibula; in partial or less complete digitigrades (rhinoceros) it extends 
beyond the tibial plafond, but not below the level of the internal malleolus. In 
a still less complete digitigrade (almost a plantigrade), such as the elephant, 
it extends below the level of the internal malleolus, and there is outward 
rotation of the lower end of the tibia, as in man. In the gorilla, chimpanzee, 
orang-utan, etc., on the other hand, which are more plantigrade than digitigrade 
(but in which, as already noted, agility is retained at the expense of stability). 




Fig. 38. — Adduction fracture, second degree (C, II, a) ; avulsion of external 
malleolus, represented by partial rupture of anterior fibers of external lateral 
ligament (rare) followed by compression fracture (note the comminution) of 
internal malleolus. 

the lower end of the tibia has not rotated out as far as in man (in fact, not so 
far out as a transverse plane through the tibial condyles), and the fibula 
descends no lower than the internal malleolus. This lack of development of the 
fibula in these more or less anthropoid animals was noted by Bland-Sutton 
(1888); and he further calls attention to the fact that in babies born with 

congenital clubfeet this deformitj'' is mereW a lack of normal development, 

the outward rotation of the lower end of the tibia not having occurred, and 

the external malleolus not having descended below the level of the internal. 


42. Bland-Sutton: Am. J. M. Sc. 95:376, 1888. 
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Evidently, he concluded, the external malleolus was developed only to aid 
members of the human race to walk in the erect posture; it was required to 
keep the foot steady and prevent it from turning outward into a position of 
extreme valgus. As Deslot says, the external malleolus acts merely ns a splint 
to maintain the direction of the foot. 

But if this is so. wh}’ is the fibula a separate bone in man? Why is not 
the e.xternal malleolus merely a part of the tibia? To this I know of no better 
answer than that given Iiy Bromfeild” (177.1) that if it were a part of the tibia, 




Fig. 39. — Adduction fracture, second degree (C, II, a) ; avulsion of external 
malleolus followed by compression fracture of internal malleolus. 

and no give or play whatever occurred between the malleoli, no one could take 
more than a very few steps without fracturing one or other malleolus. 

If a leg is studied from which all soft parts have been removed except the 
ligaments and the interosseous membrane, these phenomena may be observed: 

In full plantar flexion (extension) of the foot, the anterior and middle bands 
of the external lateral ligament become tense and pull the external malleolus 
medially (and slightly downward and backward) against the tibia, keeping 
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the external malleolus in close contact with the astragalus as this glides forward 
and presents to the intermalleolar space a slightly less diameter than in full 
dorsiflexion of the foot. In the latter movement, dorsiflexion. the anterior band 
of the external lateral ligament becomes lax, and as the external malleolus is 
forced away from the tibia and slightly upward, the anterior and posterior 
tibiofibular ligaments become tense, especially the anterior ligament; also, as 
flexion beyond a right angle occurs, much tension develops on the middle band 


of the external lateral ligament, and this pulls the malleolus backward: the 
posterior band of the e xtern al lateral ligament is always tense; it makes the 
astragalus and external malleolus practically one bone. ' 



Fig. 40. — Adduction fracture, second degree (C, II, b) ; large tibial fragment 
extending into shaft replaces compression fracture of internal malleolus. 

The expansion of the intermalleolar space which occurs during dorsifle.xion 
of the foot maj^ amount to several millimeters. I have measured it by affl.xing a 
wire in each malleolus and bending the ends of these wires forward over the 
ankle joint until thej' crossed each other in parallel lines : by scratching a mark 
on each wire at the same point when the foot is in full plantar flexion, it is 
easy to measure the excursion as the foot is brought up into full dorsifle.xion. 
This excursion, which exceeds two mm. and may approach three mm., allows 
the wider anterior diameter of the articular surface of the astragalus to pass 
back between the malleoli in dorsiflexion. while the downward drag of the 
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anterior and middle bands of tlie external lateral ligament keeps the malleoli 
in contact with the small posterior diameter of the astragalus which presents 
between them in full plantar flexion. Dcstot * (1911) pointed out that inasmuch 
as the intermalleolar axis and the axis of rotation of the astragalus, in flexion 
and extension, do not coincide (they form an angle of abmit 30 degrees, open 
laterally. Figure 4), it is not a directly transverse diameter of the astragalus 
that presents between the malleoli at any point of flexion or extension, but a 



Fig. 41. — .'Adduction fracture second degree (C, 11, b) ; splitting fracture of 
median articular surface of tibia replaces crush of internal malleolus. See 
page 118. 

diameter of varying obliquity which is, however, always nearly the same in 
length; and he is inclined to ignore the existence of the movements of the 
external malleolus. And I have dwelt at some length on these movements 
because I have found them nowhere described and because there has been 
some dispute about them. Humphry ■“ (loc. cit., p. 557) asserted that the 
increase of the distance between the malleoli was secured solely by the elasticity 
of the fibula, which bent inward toward the tibia in its lower fourth, when the 



ASHHURST-BROMER— FRACTURES 


97 


external malleolus was forced outward. Nancrede'*^ (1880), however, pointed 
out that an upward and downward movement of the fibula occurred, and asserted 
that Humphr}'’s . theory was , “preposterous and untrue.”** This is my own 
opinion also. 

The upper end of the fibula can also be seen to move in flexion and extension 
of the foot at the ankle; in full plantar flexion (with median and downward 
movement of the external malleolus), the superior end of the fibula moves 




Fig. 42. — Adduction fracture, third degree (C, III) ; detachment of lower 
epiphysis with splitting of median surface of tibia. 

slightly forward and rotates slightly outward, its anterior surface turning away 
from the tibia. This movement is due largely to the median and backward pull 
exerted on the external malleolus by the middle and posterior bands of the 
external lateral ligament. The head of the fibula slides backward and verj- 
slightl}^ upward again in full dorsiflexion. Thus the chief movement of the 


43. Nancrede: Phila. M. Times 10:316. 1880. 

44. Nancrede: Maryland M. J. 7:76, 1880. 
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superior tibiofibular joint is an anteroposterior one (downward and forward, 
or upward and backward) around the inferior tibiofibular joint as a pivot; but 
these movements are so slight as to be scarcely apiireciable. 

Very little change occurs in the interosseous membrane during these move- 
ments. except in its lower fourth, where it spreads and becomes tense (the 
aperture for the anterior peroneal artery tends to become round from oval) as 
the external malleolus ascends and moves backward; and it again becomes 
relaxed when the external malleolus descends and moves mesially toward the 




Fig. 43. — Adduction fracture, third degree (C, III) ; the supramalleolar 
fracture by adduction (type produced experimentally by Tillaux). See pages 
71 and 119. 

tibia. The strength of the interosseous membrane is much greater than usually 
supposed. Even when the lower end of the fibula is freed from its tibial attach- 
ments, very great force is required to rupture the interosseous membrane, and 
fracture of the fibula in its lower third is the nearly invariable sequel. 

The normal movements of the ankle joint are those of flexion and 
extension — 20 degrees of dorsiflexion and 60 degrees extension or 
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plantar flexion, a total of 80 degrees approximately. This motion 
occurs around an axis which passes in the frontal plane somewhat below 
and in front of the tip of the external malleolus. This axis makes an 
angle of 30 degrees (thereabouts) with the bimalleolar axis. This 
arrangement accounts for the greater excursion forward of the lateral 
astragalar surface in relation to the external malleolus as compared 
with the motion which occurs between the median surface of the 
astragalus and the internal malleolus; as well as for the apparent 
deviation of the point of the foot medially in full plantar flexion, and 
laterally in full dorsiflexion. 

If movements were possible in the ankle joint around an antero- 
posterior axis, they should be named adduction (tibial flexion) and 
abduction (fibular flexion), or movements in the frontal plane toward 
and away from the median line. These movements are quickly resisted 
by the tension on the lateral ligaments (Figs. 6 and 7), and if forced, 
the malleolus away from zvhich motion occurs is torn off by its liga- 
rnent, or the ligament itself ruptures (see the experiments of Honig- 
schmied, related on page 72). Motions of adduction and abduction in the 
foot normally occur in the subastragalar joint and permit the calcaneum 
without difficulty to accommodate itself to slight irregularities of the 
soil. But the calcaneum is attached to the astragalus by the extremely 
strong astragalocalcanean interosseous ligament; and when such move- 
ments are too extensive, they are transmitted directly to the astragalus 
and from it to the tibiofibular mortise where fracture of one or the other 
malleolus is the usual consequence. Not until that malleolus on which 
the pull comes has given way, or the corresponding ligament has rup- 
tured, is the astragalus able to act on the other malleolus by a push 
so as to produce a compression fracture. Rare exceptions to this general 
rule occur, however, as when the calcaneum is itself first broken, and 
becomes so displaced as to press directly on the end of the fibula, pro- 
ducing a compression fracture of the external malleolus (Fig. 23). 

Movements of rotation around the long axis of the leg may be 
attempted in the ankle joint by twisting the point of the foot toward 
or away from the median line. As pointed out by Maisonneuve * 
(1840), movements of inward rotation are almost inseparable from a 
movement of adduction, as the numerous joints in the anterior tarsus 
render the foot very mobile in this direction. Any movement toward 
outward rotation, however, converts the foot into a rigid lever, and 
motion is easily and with much force transmitted to the ankle joint, the 
astragalus attempting to turn so as to bring its long axis crosswise 
between the malleoli. Owing to ph 3 'sical laws, it is on the external 
malleolus that the greatest strain comes. Maisonneuve illustrated this 
b}' placing a ruler (which represents the foot) between two parallel 
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volumes (which represent tlie malleoli) : the volume which is moved 
is always that toward which the long; end of the lever moves (Fig. 8) ; 
even if this volume be much heavier than the other it is easily moved 
by the greater leverage exerted. In movements of outward rotation, the 
foot, relatively to the tibia, is a lever of the first order, with its 
fulcrum on the anterior border of the fibula: the arm of the resist- 
ance will have, say, a length of 3 cm., that of the ])owcr 12 cm. 
(the length of the foot being taken as 15 cm. from the toes to the 
posterior border of the ankle joint). Relatively to the fibula, it is a 




Fig. 44. — Isolated fracture of posterior tibial margin; no displacement; 
from compression upward and backward. 

lever of the second order, with its fulcrum at the posterior border of 
the internal malleolus : the resistance, therefore, has an arm of 3 
cm. (as in the other case) but the power has an arm of 15 cm. 
(the whole length from the point of 'the foot to the fulcrum). 
Thus the force which tends to fracture the fibula is as 12 is to 9, 
or as 4 is to 3. Such a mechanism as this (outward rotation of the foot) 
usually causes an oblique fracture of tbe lower end of the fibula (see 
Honigsehmied’s ® experiments, page 72) ; and if such a fracture be made 
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by an osteotome it will be found that external rotation is the only move- 
ment that will cause separation of the fragments (Fig. 9). It is 
evident that the mechanism of this fracture, which is the most frequent 
of all fractures of the ankle (-more than 25 per cent, of all cases), 
involves not only a push outward on the anterior border of the external 
malleolus, as noted by Maisonneuve, but also, as Honigschmied pointed 
out, a pull inward on its posterior border by means of the posterior 
band of the external lateral ligament. The line of this fracture is 
oblique from above and behind, downward and forward. It is, properly 
speaking, a spiral fracture produced by torsion. Its obliquity varies 
greatly; but it is always higher on the posterior surface of the fibula 
than on its anterior, and the line of fracture passes through and 
involves the inferior tibiofibular joint. Almost invariably, its lower and 
anterior end extends to the external malleolus (in 90 per cent, of our 
cases) : often just below the tibial plafond, sometimes as far down as 
the very tip of the malleolus. Thus in practically every instance the 
anterior inferior tibiofibular ligament remains intact, or even if partially 
ruptured, there results no true diastasis between fibula and tibia. At 
most, the lower fragment, comprising that part of the fibula posterior 
to the attachment of the anterior tibiofibular ligament, rolls outward 
and slightly backward around the .unruptured posterior tibiofibular 
ligament as a hinge. 

If this “mixed oblique” fracture of the fibula, as Destot names it, 
is the sole lesion resulting from outward rotation of the foot, there is 
little or no displacement (Figs. 10 and 11). This was the case in all of 
the seventy-nine cases studied by Dr. Bromer and myself. If the force 
continues to act, the next lesion which is added is rupture of the 
internal lateral ligament (in twelve cases only, in our series), or, far 
more frequently, fracture of the internal malleolus, usually only of its 
anterior tip, seldom of its whole extent (Fig. 12). This combined lesion 
(oblique fracture of the fibula with fracture of the internal malleolus) 
occurred in thirty-two cases in our series, or in 10 per cent, of the entire 
number.^® The displacement may be slight or marked. And in very 
many cases (fifty-one additional cases in our series), besides these two 
lesions, there is added the complication of fracture of the posterior 
margin of the tibia. Counting in all complications and variations, this 
type of fracture occurred in 100 cases or in 33 p er cent, of the total 
300 cases we have studied. 

45. “Mixed” because involving the fibula both above and below the tibio- 
fibular joint. 

46. Chaput (Bull, et mem. Soc. de chir. de Paris 32:1047. 1906) noted that 
among 130 cases of fracture at the ankle, of which he had studied the roent- 
genograms, 113 conformed to this oblique type of fracture of the fibula, against 
only seventeen cases in which the fracture was clearly above the malleolus. 
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Seldom does the obliquity of the lihular fracture j)as.s so high as to be 
above the level of the anterior inferior tubercle of the tibia (Figs. 13 
and 14) : in three cases this tubercle was detached (in two of these there 
was no appreciable lesion at the internal malleolus, hut in one, the inter- 
nal malleolus was fractured), and in two others it is probable that a 
disjunction of the joint had occurred, as indicated by suggestive roent- 




Fig. 45. — Comminuted fracture of tibial plafond ; from compression upward. 

gen-ray findings. This lesion (fracture of the anterior tibial tubercle, 
or diastasis of the tibiofibular joint) must occur previous to, even if 
nearly simultaneously with, the oblique fracture of the fibula ; because 

47. Lapointe (Souligoux: Bull, et mem. Soc. de chir. de Paris 44:1042, 1914) 
quite justly contends that if fracture of the anterior tubercle can occur as an 
isolated lesion (as in the case he reported), it must be admitted it maj'^ also 
occur as the first lesion of a more complicated fracture. 
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after the fibula is fractured its lower fragment (on which alone the 
force is acting) is already detached from the anterior tubercle of the 
tibia, and a continuance of the force would merely increase the separa- 
tion. Moreover, there is lack of displacement in these isolated oblique 
fractures of the fibula merely because to ■ permit displacement it is 
necessary that- the internal malleolus (or its ligament) previousl}’^ give 
way. If a tibiofibular diastasis (with or without separation of the 
tubercle) occurs (and if it occurs it must always occur previous to a 
fracture of the fibula, as already remarked), then the fracture of the 
fibula (by torsion still) occurs not through the inferior tibiofibular 
joint but above it, sometimes through its surgical neck, often through 
its true neck in' the upper third of the fibula, as originally pointed out 
by Maisonneuve. That such a lesion in the upper third of the fibula can 
occur without appreciable bony lesion at the ankle cannot be denied. 
We have two such cases ; and Quenu went so far as to say that many 
more such fractures occur without diastasis than with it ; and that they 
may occur even without any lesion at all at the ankle joint (Fig. 15). 

It must also be recognized that diastasis is not necessarily followed by 
fracture of the fibula at any level, as shown in the lesion represented in 
Figures 16 and 17 in which the fibula detached the anterior inferior 
tubercle of the tibia, and in which, after rupture of the internal lateral 
ligament had occurred, the fibula was forced by the astragalus around 
back of the tibia by continuance of external rotation of the foot, as in 
the mechanism described by Huguier (1848), though in his cadaveric 
experiments, as well as in the case illustrated by Destot (Fig. 67, p. 142 
of his monograph), this displacement was accompanied by (and I 
believe succeeded by) a fracture of the upper end of the fibula. 

In rare instances, the avulsing force on the internal malleolus may be 
so srreat as to cause fracture of the entire lower end of the tibia (or 
in children a separation of the epiphysis ''^) ; this appears to have been 
the mechanism in four of our cases, which on a purely anatomic class- 
ification should perhaps be grouped, with the supramalleolar fractures 
(Figs. 18 and 19). 

The significance of the posterior marginal fragment, and the 
mechanism by which it probably is produced, will be discussed in 
another place (p. 112). 

48. Quenu: Rev. cle chir. 35:897, 1907. 

49. Long recognized as possibly due to pull of the biceps muscle. Sec a 
study Iw Lonhard (Deutsche inil.-arztl. Ztschr. 43:219. 1914). 

50. Huguier: Union med.. Paris 2:120. 1848. 

51. In addition to the 300 cases of fracture of the ankle listed on page 
122, we have records of at least nine cases diagnosed as epiphyseal separa- 
tions; but as in these the roentgenograms available showed no gross separation 
at the epiphj’seal line of the tibia, we have not included them in our statistics. 
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I desire to return now to the movement of forced abduction, a dis- 
cussion of which has been intentionally postponed until disposition had 
been made of the much more frequent mechanism (outward rotation). 
We find in any large series of fractures at the ankle a certain number 
in which fracture of the internal malleolus is the only lesion (in our 
series this lesion occurred in more than 6.5 per cent, of the whole 
number). Now it is not rational to suppose that the same mechanism 
which at one time causes an isolated oblique fracture of the lower end 
of the fibula will at another cause an isolated fracture of the internal 
malleolus: they must be produced by different mechanisms. Experi- 



Fig. 46. — T or Y fracture involving ankle joint; from compression upward. 

mentally, it is very clearly seen (note the experiments of Honigsehmied, 
detailed on page 72, that straight abduction (fibular flexion) of the foot 
has as its primary and most constant lesion fracture of the internal 
malleolus, or its equivalent, rupture of the internal lateral ligament. 
This is a prerequisite in order to free the astragalus sufficiently so 
that it may press directly on the external malleolus, which it does by 
rotation around an anteroposterior axis. The experiments of Bonnet 
(1845), have been overlooked by most students. He showed, long 


52. Bonnet; Traite des maladies des articulations, Lyon 2:428, 1845. 
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before Tillaux or Honigschmied, that abduction (fibular flexion) of 
the leg, while the foot was held in a vise, caused: first, fracture of the 
internal malleolus or rupture of the internal lateral ligament (Fig. 20), 
and, if the abduction was increased, a crushin g or fracture of the 
e 2 ^ternaLni alleolus (Fig. 21), never of the fibula above the inferior 
tibiofibular joint. But sometimes no lesion of the external malleolus 
was. caused even when the internal malleolus was widely separated. If, 
on the other hand, abduction of the foot was produced with the leg 
lying on its fibular side,*but with the foot projecting free of the table, 
the same lesions occurred at the internal malleolus ; but the fibula broke 
above the inferior tibiofibular ligaments at the point where it rested on 
the table. 

In the mechanism of these fractures by abduction the influence of 
the tibiofibular ligaments is paramount: 

1. If the tibiofibular ligaments hold, the fibula breaks across through 
the external malleolus proper (i.e., below the tibiofibular ligaments) 
and not above these ligaments by that “preposterous and untrue” 
mechanism to which Nancrede objected, naniely, the inward bending of 
the fibula toward the tibia. It is not proper, perhaps, to deny that the 
latter mechanism might sometimes occur (all things are possible) in a 
patient with exceedingly relaxed ligaments ; but I feel strongly inclined 
to state in the words of Souligoux (applied by him to the existence of 
an isolated fracture of the posterior tibial margin)- that I do not believe 
such a mechanism exists, and wnll not believe it exists until somebody 
shows me its method of production. Of the 300 fractures which we 
have studied, we find only thirteen cases which seem to belong to this 
type (bimalleolar fracture b)'^ abduction) : evidently the more nearly 
the movement of the foot conforms to the type of straight abduction, 
the more apt is diastasis, and as a consequence, fracture above the 
tibiofibular ligaments to occur (see below) ; while the more nearly it 
corresponds to external rotation (deviation of the point of the foot 
outward), the more certain is the fracture to be oblique in type, 
involving the inferior tibiofibular joint, but, as already e.xplained. 
causing no true diastasis ; hence the extreme rarity of true bimalleolar 
fractures by abduction (Fig. 22). 

2. If the tibiofibular ligaments rupture, then the fibula is freed from 
the tibia, and if the force continues (in life it is now the weight of tlie 
body borne chiefly, or at least abnornialh'-, on the fibula), the fibula 
breaks “by flexion” and the break usually occurs where the fibula is 
weakest, through the surgical neck above the inferior tibiofibular liga- 
ments. Study of roentgenograms or museum specimens of fractures 

S3. Ivlention has already been made (p. 99) of isolated fracture of the 
e.xternal malleolus associated with fracture of the calcanetim (Fitr. 231. 
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of this type shows clearly two things: an evident tibiofibular diastasis, 
and a flexion fracture (Biegungsbruch) of the fibula. The typical 
mechanism of the flexion fr.aclurc is illustrated in Figure 24 (p. 79), 
copied from Messerer; and though at first glance some roentgenograms 
of fractures of the fibula at this height may not seem to indicate this 
mechanism clearly, more careful study (in nearly every case, at least, 
with which I am familiar) shows that the fracture conforms to the 
Biegungsbruch type: thus the line of fracture is either nearly trans- 
verse (rare), slightly oblique (frequent, Fig. 2 .t), or (very frequent) 
is comminuted in the typical manner, with detachment of a wedge- 



Fig. 47. — T or Y fracture involving ankle joint; from compression upward. 

shaped fragment from the concavity of the bent bone (Figs. 26 and 
35) ; that is to say, the wedge is on the lateral border of the fibula (apex 
toward the tibia) if the fibula was broken by straight abduction of its 
lower end, or on the posterior border (apex anteriorly) if it broke by 
posterior displacement of its lower end (Figs. 34 and 36). 

Now it is a prerequisite for a bone (or any other similarly shaped 
structure) to be broken by indirect force through bending that one of 
its ends must be fixed and the other end movable. The upper end of 
the fibula is fixed by its attachments at the superior tibiofibular joint 
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and by the interosseous membrane; and to permit fracture by bending 
of its shaft, under such circumstances, by means of indirect force 
applied to the external malleolus, it is first of all necessary that the 
lower end of the fibula be freed from its attachments to the tibia. If 
these attachments are not freed, it is extremely unlikely that a fracture 
by bending can occur ; though it is possible to conceive of an exceptional 
instance in which such an event might occur, as, for instance, if the 
surgical neck of the fibula (as in the second mechanism described by 
Bonnet) were pressed against the edge of a table or similar object by 
abduction of the foot ; but in such a case the action of direct violence in 
causing the fracture could not be excluded. In life it would be less 
unlikely for a fracture by compression to occur (the force being trans- 
mitted in the long axis of the fibula which was still rigidly attached to 
the unbroken tibial shaft) ; whereupon the fracture would present a 
very different appearance (Fig. 15) ; or even less unlikely for a fracture 
by torsion to occur, though for this mechanism also it is necessary for 
the two ends of a bone to be movable in opposite directions or for one 
to be fixed and the other movable. Torsion was held by Maisonneuve 
(and no doubt correctly) to be the mechanism by which was produced 
the fracture in the upper third of the fibula described by him as 
“fracture par diastasis;” and it is this mechanism (torsion) which 
causes it to be situated so close to the fixed end of the bone,®* and 
which makes me class it as a variant of the fracture “by outward 
rotation of the foot” already discussed; and which convinces me that 
it does not belong in the same class with fractures produced by straight 
abduction of the foot, in which cases, I repeat, the fracture of the fibula 
occurs in its lower third and is caused by a bending mechanism. 

It is true, of course, that the force may cease to act before the fibula 
breaks; in which case merely a diastasis results (Fig. 27). 

Careful study of thirty cases of fracture of the fibula through its 
surgical neck in our series has shown the characteristics of a fracture 
by bending in all except two cases, in which it was clearly by torsion. 
When this lesion (by whatever mechanism) was unaccompanied by a 
diastasis of the inferior tibiofibular joint (or its equivalent, detachment 
of the anterior tubercle of the tibia), then the histor)^ has shown (in all 
but one case in which the histor}' is unknown) either that the fracture 
was due to direct violence (Fig. 28) or that the clinical signs of a tibio- 
fibular sprain were present though no diastasis was shown by the 
roentgen ray. Quenu ®® (1912), however, for whose opinion every 
student of fractures has great respect, held that diastasis was not a ncces- 

54. Once the lower end of the fibula is freed from the tibia, the interosseous 
membrane presents no obstacle to torsion. 

55. Quenu : Rev. de chir. 45:242, 1912. 
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sary accoinpanimenl of tliis lype of fracture, though he acknowledged its 
extreme frequency, a fact to which he had called attention in 1909; and 
as early as 1907, he had pointed out that this tyj)c of fracture was that 
which was most frequently accompanied by diastasis. Hut he was at 
that time (1907) inclined to the view that the fracture of the fibula 
occurred simultaneously with or even before the diastasis. But Destot 



Fig. 48. — Comminuted supramalleolar 



fracture; probably by direct violence. 


(1912) is firm in his belief that fracture of the fibula above the inferior 
tibiofibular joint demands as a preliminary a sprain or a diastasis of 
that joint. Is not then the legend to Figure 67, p. 142, in his monograph 


56. Destot: Lyon chin 8;24S, 1912. 
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ligament alone is divided, a separation of the ril)nla from the tibia to the 
extent of about 1 cm. becomes possible anteriorly, the fibula still being 
attached by the interosseous ligament and the posterior tibiofibular liga- 
ment. This degree of separation is sufficient to constitute a diasta.sis; 
lesser degrees, with incomplete rupture of the anterior tibiofibular 
ligament, and therefore without separation, constitute a sprain. But in 
many cases in which a temporary diastasis (disjunction) may have been 
present at the moment of the accident, it is no longer present when the 



Fig. 50. — Lateral view, plantar flexion. 


patient comes under the surgeon’s care or is sent for roentgenologic 
study; and at the. latter time can only be presumed to have existed by 
certain signs, especially evidences of a sprain fracture or detachment of 
the anterior tubercle of the tibia (Fig. 30). 

If, in addition to division of the anterior tibiofibular ligament, one 
divides also the feltlike interosseous ligament, then a separation of the 
fibula from the tibia almost to the distance of 3 cm. ma}’' be possible; 
but even with this amount of diastasis of the anterior border of the 
fibula from the tibia, these bones are still united by the posterior tibio- 
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denying the possibility of its being dislocated uj)\vard between the 
intact tibia and fibula. All that I contend is that for it to become 
detached from the external malleolus in fractures of the leg bones at 
the ankle must be extremely rare, as there does not appear to be any 
such case on record. 

The Posterior Marginal Fragment of the Tibia, and Posterior Dis- 
placement of the Foot. — The existence of tliis fragment as the sole 
osseous lesion in a certain number of cases luiw on record/'* including 
one of our own, proves that it ma)’ be the earliest stage of a lesion 
involving the ankle joint, liut as there never has been any di.splacc- 



Fig. 51. — Lateral view, dorsiflexion. 


ment of the fragment in these isolated lesions, it cannot be considered 
of much importance unless associated with a fracture of the fibula. As 
already noted, the existence of this fragment as a complicating lesion 
was well known to Cooper; it was noted by Earle®- (1828) and by 

60. Gross (S 3 ^steiTi of Surgerj\ Ed. 5. Philadelphia 2:85, 1872) sa}'s Druitt 
refers to such a case, but I have been unable to find the original report to 
ascertain the exact lesions. Wendel (Beitr. z. klin. Chir. 21:146, 1898) collected 
five cases of upward dislocation without fracture; but the exact lesions do not 
appear to have been determined definitelj' in anj’' case. 

61. Tanton (Footnote 29. p. 165) refers to twentj’ cases recorded prior to 
1916. As an isolated lesion it was first observed bj' Meissner (Beitr. z. klin. 
chir. 61:136, 1909). 

62. Earle: Lancet 2:346, 1828-1829. 
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libiolibular ligament, tlirougb the mcflium of the fractured lower end 
of the fibnla, may aid in displacing the fragment, even if it cannot be 
the sole cause of its detachment. The size of the fragment varies 
from a small portion of the lip to a large fragment, extending 10 cm. 
up the posterior surface of the shaft. McKuight, at the meeting of 
the Philadelphia Academy of .Surgery, May 2, 1921. showed a roent- 
genogram (anteroposterior view only) of a fracture which I believe 
conformed to this type, though the fragment was the largest with which 
I am acejuainted ; the fragment (an isolated lesion, without displace- 
ment) included nearly all the posterior Ii[) of the tibia, as well as its 
entire lateral (fibular) border; and the ape.x of the large wedge 
extended to a point about 10 cm. above the articular surface, on the 
posterolateral border of the tibia. 


TABLE 1. — I.vciiir.xcr. or Postkiuok Mahoixai. PitACTCKr.s 


Total .Ankle 

Posterior Marginal Fractures 

FracUirc.s 

.A.s.sociat 

ed Isolated 

Total 

Per Cent. 

Ashhurst and Broincr 300 

57 

1 

58 

19 

Chaput (Les fractures inal- 





leolaires, Paris, 1907) 136 

42 

0 

42 

30 

Destot (Qitenu: Bull, ct mein. 





Soc. de chir. de Paris, 39: 





165, 1913) 1700 

1.39 

t) 

145 

8.5 

Quenu (Rev. dc chir. 45:260, 





1912) 129 

11 

1 

12 

9.3 

Sear (M, J. Australia, 1:526, 





1917) 156 

26 

3 

29 

18.6 

Speed (Surg., Gyncc. & Obst. 





19:73, 1914) 161 

16 

0 

16 

f 

10 

Incidence of Associated Postekiok AIaeginal Fkactukes 



Ashhurst and Bromcr 


Destot 

Type 

No. 

Per Cent. 

No. 

Per Cent. 

Fibula, oblique mixed 

. 0 


0 

...» 

Low Dupuytren 

.. 51 


89 

64 

Bimalleolar 

. 0 


17 

12 

Pott’s 

,. 5 

S.6 

29 

20 

Adduction 

.. 1 

1.7 

0 

.... 

Maisonneuve 

,. 0 

— 

4 

3 


57 


139 



The lesion corresponds, as Tanton (loc. cit., p. 171) has noted, 
to Rhea Barton’s fracture of the posterior margin of the radius. 

It is a much more frequent complication than commonly supposed. 
Among our 300 cases it was present no less than fifty-eight times, or in 
19 per cent, of all the cases; and in 51, or 50 per cent., of those con- 
forming to the “low Dupuytren” type. 

There is sometimes confusion between this posterior marginal 
fragment and the intermediate fragment (“third fragment of Tillaux”), 
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associated with (tr) merely a diastasis, witli sprain fracture of the 
anterior tubercle of the tibia (Fig. 31) ; (/;) it may accompany the 
mixed oblique fracture of the fibula in the various stages of the fracture 
by outward rotation, being small (Fig, 32), medium sized (Fig. 33), 
or large (Fig. 34) ; and (r) it occurs also with fractures by abduction 
(Figs. 35 and 36), though very much less frequently than with external 
rotation fractures. Quenu has had one case in which fracture of the 
internal malleolus was the only other lesion, and another fracture of 
precisely the same type has come under our notice since our scries of 
300 cases was completed. 

Its presence is not neccs.sary to jiermit (he occurrence of posterior 
displacement of the foot (Figs. 16 and 25), but certainly favors it. This 
posterior displacement is very rare without the posterior marginal 
fragment. Either a jjostcrior marginal fragment must exist, or there 
must be rujiturc of tbc posterior itiferior tibiofibular ligament. It is 
only a continuance of the force (now the weight of the body) after the 
fracture has been produced, that causes the displacement, since there 
arc in our series no less than fourteen instances (out of a total of tifty- 
eight posterior marginal fractures) with slight if any displacement. 

The factors which permit posterior displacement of the foot deserve 
a few words. Quenu was the first, I believe, to point out that the 
essential lesion is freeing the lower end of the fibula from the tibia; 
and I may remark that this necessity is merely a corollary of what has 
been insisted on so often in these pages, namely the indissolubility of 
the union between the astragalus and the fibula. I cut everything else 
at the ankle (tendons and ligaments as well as all other soft parts) 
leaving only the middle and posterior bands of the external lateral 
ligament attaching the external malleolus to the foot. Under these 
circumstances even an incomplete posterior dislocation of the foot 
cannot occur (except by rotation of the foot inward around the long 
axis of the leg, a mechanism which does not occur in life). I then 
cut the middle band of the external lateral ligament; but still no 
posterior displacement could be produced. Next I fractured the fibula 
7.5 cm. (3 inches) above its tip; but this did not permit posterior dis- 
placement. Finally, I divided the anterior inferior tibiofibular ligament, 
and even the intei'osseous ligament ; but so long as the fibula remained 
attached to the tibia, and the atragalus to the fibula, no posterior dis- 
location could be produced. On another foot, I divided all structures 
uniting the foot to the fibula except the middle band of the external 
lateral ligament; but no dislocation of the foot vyas possible; then I 
divided also the posterior inferior tibiofibular ligament and the inter- 
osseous ligament (which allowed less diastasis than when the anterior 
tibiofibular ligament was divided), but still no posterior dislocation of 
the foot was possible except by rotating it inward around the one 
remaining ligament as a pivot. 
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fragment belongs to the fibula instead of to the tibia). One very 
frequent fracture of the fibula (the mixed oblique of ]3estot) fulfils 
these requirements; as .does another less usual, namely a transverse 
fracture of the external malleolus ])ropcr hclow the level of the tibia. 
But as the latter fracture usually is subperiosteal or inctanplete, and 
without displacement, it follows that ])osterior disjdacement of the 
foot with this lesion is unknown. 

Therefore, the fractures which may he accompanied by posterior 
displacements of the foot arc those of the Pott or Du])uytren type, in 
which diastasis is the rule; and those of the low Dupuytren variety, 
in which the fracture of the fibula is of the mixed oblique type. 
Quenu is wrong, I am sure, in claiming (1912) that the existence of 
a posterior marginal fragment is a tiecessary condition for the 
occurrence of a posterior subluxation (Figs. 16 find 25) : but it is well 
to remember that the distorted shadows of a roentgenogram in a case 
of fracture of the low Dupuytren variety, in any of its stages, may 
mislead the observer into the belief that a posterior disjdacement is 
present, when the apj^earances are due entirely to an outward rotation 
of the astragalus around the long axis of the leg. 

Forced Movements of Adduction (Tibial Flexion ). — Since the 
time of Cooper and that of Maisonneuve and Bonnet, there has been 
little dispute about the mechanism of these fractures: it has been gen- 
erally recognized that a tearing oft' of the external malleolus is the 
first lesion (Fig. 37), followed by a compression fracture of the 
internal malleolus (Figs. 38 and 39) ; or, when the weight of the body 
forces the tibia heavily on the displaced astragalus, a splitting upward 
of the tibial shaft occurs, the line of fracture commencing at some point 
of the articular surface, splitting this in the sagittal plane and ter- 
minating on the median border of the tibia at a variable distance above 
the internal malleolus (Figs. 40, 41 and 42). The more nearly longi- 
tudinal the line of fracture, the less necessary will it be for the external 
malleolus to be fractured as a preliminary step: such fractures verge 
into those due to comminution upward in the long axis of the limb. 
Stimson (1912) gives an admirable illustration of such a longitudinal 
fracture of the tibia without anj^ lesion of the fibula. But if the 
displacement in these longitudinal fractures is marked enough, the 
fibula may break secondarily (by flexion or torsion) above the inferior 
tibiofibular joint, as the lower end of the fibula is carried inward with 
the astragalus (Fig. 41). A variant of this type is the lesion recorded 
by Silhol in which the fibular fractiire is replaced b}' an intermediate 

75. Quenu: Rev. de chir. 46:1912. 

76. Stimson : Fractures and Dislocations, Ed. 7, Philadelphia. 1912, Plate 27. 

77. Silhol: Bull, et mem. Soc. de chir. de Paris 42:819, 1916. 
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noting at the same time in their appropriate places the variants and the 
complications of the simple or the more complex lesions which were 
encountered. It is true that it is not alwa 3 rs easy to determine the 
mechanism, even with all the aid derived from the clinical history, the 
roentgen ray and a knowledge of the lesions which can be produced on 
the cadaver; but the more one studies the subject, the fewer exceptions 
he will find to the general laws of mechanics; and the more his 

TABLE 3. — Anatomopathologic Classification of Three Hundred 

Ankle Fractures 


A. Fibula, Below Inferior Tibiofibular Joint 

1. Alone (slight or no displacement, often 

subperiosteal) 27 ( 9 %) 

2. Same, pins internal malleolus below tibial 

plafond (includes bimalleolar fractures b}' 

adduction and by abduction) 16 ( S.O %) 

3. Same, plus split of tibia up and in 8 (2.6 %) SI (17 %) 


B. Fibula, Obliquely Through Inferior Tibiofibular Joint 

1. Alone (slight or no displacement, often 

subperiosteal) 79 ( 26 %) 

2. Same, plus rupture of internal lateral liga- 

ment 26 ( 9 %) 

3. Same, plus fracture of internal malleolus.. 74 (25 %) 179 ( 60 %) 


C. Fibula, Above Inferior Tibiofibular Joint 

1. Alone (slight or no displacement, often 

subperiosteal) 0 ( ) 

2. Same, plus rupture of internal lateral liga- 

ment and diastasis 8 ( 2.7 %) 

3. Same, plus fracture of internal malleolus 

and diastasis 20 ( 6.6 %) 28 ( 9.3 %) 


D. Tibia, Involving Ankle Joint 

1. Internal malleolus alone (slight or no dis- 

placement, often subperiosteal) 20 ( 6.6 %) 

2. Isolated marginal fractures 1 ( 0.33%) 

3. Comminuted, T and Y-fractures 7 ( 2.3 %) 28 ( 9.3 %) 


E. Supramalleolar Fractures, Not Involving Ankle 

Joint Directly 14 ( 4.3 %) 14 ( 4.3 %) 


experience increases, the easier will it become to recognize the variants 
from the typical lesions. Those fractures which have git'^en us most 
concern are the true bimalleolar fractures with little or no displacement, 
since these may be caused possibly by external rotation, certainH both 
by abduction and adduction. But as the total number of these fractures 
observed is small (sixteen cases or only 5 per cent, of the entire series), 
and as even among this number the mechanism was reasonably certain 
in all but ten cases (3 per cent, of the entire series), the margin of 
error is small. 



TABLE 4. — Catai.oc; of Tino;i: I-]uNt>Ri:n Ehactuki-.s Invoia’int. the Ankle 


No, Cases 

A. By Rotation of the -‘\stragaliis Outward Around tlie Long Axis of 
tlie Leg 

1. First Degree : Lower end of filuda only. Olilicjuc or spiral 
fracture from above and behind, down and front, the line 
of fracture passing through the inferior tibiofibular joint. 

Line varies from nearly transverse to nearly longitudinal, but 
is always higher on posterior than on anterior surface of filiula. 

In 84 per cent, of cases the lower anterior end of line of frac- 
ture was on anterior surface of external malleolus between its 
tip and the anterior inferior tubercle of the tibia: in 8 per cent, 
of cases it was above the anterior tubercle (when there was 
diastasis or the tubercle was detached): and in tS per cent, it 
passed through the fibula at the level of the anterior tubercle 

on the tibia. Slight or no displacement 76 

J'arianl: fracture of fibula in n/’/’cr third from lesion at 

ankle (Maisonneuve, 1840) 1 

(In this case there was incomplete fracture of fibula below 
its head (Fig. 17) but without bony lesion at ankle) 

Co)ii(<licaiiou: intermediate fr.ngmcnt 2 

— 79 

II. Second Degree; Fibula as in first degree, /'/ii.r rupture of inter- 
nal lateral ligament or fracture of internal malleolus. There 
may be slight or considerable lateral displacement ; but in 
uncomplicated cases there is rarely a real posterior displacement, 
the apparent posterior displacement seen in lateral roentgen- 
ographic views being due usually to outward rotation which 
distorts the shadows. 

(a) Internal Lateral Ligament (in roentgenograms this lesion 
is differentiated from first degree only by presence of 
lateral displacement of astragalus from interna! malleolus 


with slight displacement of Tower fibular fragment) 12 

I’ariaiit: Diastasis without fracture of fibula (Fig. 16) 1 


First CoJiiplicatioii : Fracture of posterior tibial margin. Line 
of fracture usually extends about 2 cm. up along posterior 
surface of tibia, and running down thence nearly vertically, 
detaches a mere chip or more often one fourth to one third 


of the articular surface; rarely as much as one half 10 

Variant: Diastasis without fracture of fibula, but with pos- 
terior marginal fragment (Fig. 31) 1 

Second Complication : Intermediate fragment 0 

Third Complication : Second fracture of fibula in upper third 
(Maisonneuve’s fracture; these two cases occurred in 

opposite legs of same patient) • 2 

{b) Internal Malleolus 32 

(with slight or no displacement, twenty cases) 

First Complication : Fracture of posterior tibial margin (Figs. 

32, 33, 34) 40 

(slight or no displacement, fourteen cases) 

(lateral and posterior displacement twentj’^-six cases) 

Second Complication: Intermediate fragment 2 

— 100 


III. Third Degree : Internal malleolus represented by whole lower 

end of tibia 5 

(This will include most cases of separation of lower epiphysis 
of tibia) 


Total Fractures by Mechanism of Outward Rotation.. 


184 



TABLE 4. — Catalog of Three Hundred Fractures Involving the 
Ankle — {Contimied) 


No. Cases 


B. By Abduction (Fibular Flexion) of Foot 

I. First Degree : Fracture of internal malleolus only, transverse, at 

or below level of tibial plafond. No displacement 19 

11. Second Degree: Rupture of internal lateral ligament or fracture 
of internal malleolus, as in first degree, followed by fracture 
of fibula- more or less transverse either below or above inferior 
tibiofibular joint 

(a) Fracture of fibula below inferior tibiofibular joint (i.e., of 
external malleolus proper) with fracture of internal 

malleolus or rupture of internal lateral ligament 13 

(with no displacement, three cases; internal malleolus dis- 
placed more than external, four cases ; both malleoli 
equally displaced, six cases) 

Variant: Crush of calcaneum (replacing fracture of internal 
malleolus) followed by compression fracture of external 
malleolus 1 

(b) Fracture of fibula above inferior tibiofibular joint (in 

lower third), the line of fracture indicating a fracture 
by flexion (Biegungsbruch), with slight or no torsion; 
slightly oblique, often comminuted with detachment of a 
wedge-shaped fragment from the surface of flexion, and 
its apex toward the surface of extension 28 


— 42 


1. Fracture of fibula alone, or with rupture of internal 

lateral ligament 6 

Variant: Diastasis without fracture of fibula 2 

2. Fracture of fibula with fracture of internal mal- 

leolus at or below level of tibial plafond 12 

First Complication: Posterior marginal fragment 

of tibia (Figs. 35 and 36) S 

Second Complication: Intermediate fragment 3 

III. Third Degree: Internal malleolus represented by whole lower 
end of tibia (This will include some cases of separation of lower 
epiphysis of tibia), 2 


Total Fractures by Mechanism of Abduction 63 

C. By Adduction (Tibial Flexion) of Foot 

I. First Degree: Fracture of external malleolus, transverse, at or 
below level of tibial plafond. Slight or no displacement, often 

subperiosteal 26 

Complication: Posterior marginal fragment of tibia (infrac- 
tion) 1 


— 27 

II. Second Degree: Fracture of external malleolus as in first 
degree, pins: 

(a) Fracture of internal malleolus below level of tibial plafond 2 
Variant: Fracture of external malleolus represented by 


rupture of external lateral ligament 1 

(b) Fracture of median surface of tibia up from tibial 
plafond 8 


— 11 

III. Third Degree: Fracture of fibula usually above inferior tibio- 
fibular joint, plus fracture across tibia above ankle joint 
(Tillaux, 1872) 2 


Total Fractures by Mechanism of Adduction 40 

D. By Compression in Long Axis of Leg 

I. Isolated marginal fractures of tibia : anterior margin, none ; 
posterior margin, 1 ; median margin, none ; lateral margin, none 1 

II. Comminution of tibial plafond 3 

III. T or Y-fractures of Tibia into Ankle-Joint 4 

— 8 

E. Fractures by Direct Violence (Supramalleolar Types) 5 


Grand Total oOO 
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It will be noted that in our classification the fibular lesion dominates 
the clinical picture in the first two classes (those of outward rotation 
and abduction), and that these correspond to the first grand division of 
Destot’s classification — those fractures in which tlic efiuiiihrium of 
the foot is involved; while the third, fourth and fifth classes correspond 
to Deslot’s second division — those fractures which involve the tibial 
pestle and com])roinisc the function of sup])ort. l’'or the sake of 
completeness we also give an anatomopathologic classification, con- 
structed on the same principles (Table 3). 

Following the classifications is a catalog of the lesions encountered 
in this series of cases, which, with the aid of tiic classifications as a 
guide, we hope may prove of interest to students of fractures (Table 4). 


ROEXTGi-hV-RAV STl’DV OF TiiF A.VKLE JOINT 
Bv Dh. BiidMiik 

I. THE .\OK.MAL ANKLE JOINT — ANATO.MV 

By means of the roentgen ray, the structure of the ankle joint can 
be most satisfactorily demon.st rated. The tibiofibular mortise is shown 
(Fig. 49), and below it the trochlea of the .astragalus fitting into it as a 
tenon. The “plafond” and the “cheeks” of the mortise arc easily rec- 
ognized, likewise the longer external malleolus and the anterior and 
posterior tubercles of the fibular groove. In the lateral view (Fig. .aO). 
the low projection of the posterior lip, called by Destot the posterior 
malleolus, reinforcing the mortise j)Ostcriorly, can easily be visualized; 
and the point where it meets the trochlear surface of the astragalus, act- 
ing as a check on the latter when the foot is in plantar flexion as in 
walking, is most noticeable. (The degree of plantar flexion in the 
roentgenogram is much greater than is assumed in walking, but is used 
more fully to demonstrate the check). In this view, the longer external 
malleolus is shown overlapping the shadow of the internal malleolus. 
With stereoscopic plates they usually can be fairly w’^ell distinguished. 
The lateral tubercle on the posterior surface of the astragalus (os trigo- 
num) is the farthest posterior shadow of the astragalus. In the inter- 
pretation of roentgenograms of the ankle joint, due care must be exer- 
cised not to diagnose a sprain-fracture of the posterior tubercle, where 
an accessory bone, the os trigonum, often is found. In general, no frac- 
ture exists, and it is this bone that is present if the surfaces of the 
fragment are smooth and rounded. 

II. FUNCTION AND MOVEMENTS OF THE ANKLE JOINT 
The roentgen ray can be used to demonstrate the movements of the 
ankle joint. Thus the rotation of the astragalus about the axis previ- 
ously described by Dr. Ashhurst in full dorsiflexion and plantar flexion 
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is shown in Figures 50 and 51. The movements of the fibula were shown 
in the following way : A normal ankle was examined ; the ankle and leg 
of the subject being securely bound to the table, a Bowen stereoscopic 
plate holder was placed beneath the ankle joint. Lateral views were 
made first with the foot in full dorsiflexion, then later with the 
foot in full plantar flexion. Great care was exercised that the position 
of the leg— i.e., tibia and fibula — was not altered. The stereoscopic 
plate holder gave an exact duplicate position for the second exposure. 
The tube was in no way shifted. Anteroposterior views were taken in 
the same way. In this plane, the heel was allowed to project as far as 
possible over the edge of the plate holder in order to obviate any change 
in height of the tibia above the plate due to change of position of the 
os calcis. The superior tibiofibular articulation was examined in the 
same wa 3 ^ 

It was found that these views could be superimposed over diffused 
strong light. As an additional check the distances between the same 
relative points were accurately measured. The fact that the images of 
the tibia could be accurately superimposed would tend to rule out any 
possibility of error due to change in height of tibia. It was found that 
in full plantar flexion in the anteroposterior view the fibula moved 
inward and downward 1 mm. or, vice versa, so much expansion and 
movement upward occurred in full dorsiflexion. No change of the 
fibula in relation to the tibia could be found in the lateral views. 

With regard to the upper extremity of the fibula, the forward 
movement of the fibula in plantar flexion was shown in the lateral 
view by an increase of 1 mm. in the distance between the posterior lip 
of the upper extremity of the fibula and the posterior border of the 
tibia. In the same way in the anteroposterior view the head of the 
fibula was found lying farther in toward the midline with the foot in 
plantar flexion than it was with the foot in dorsiflexion. All of these 
measurements were made by means of calipers, and the same level was 
obtained by means of superposition of the films over diffused strong 
light. 

III. SOME DIFFICULTIES ENCOUNTERED IN INTERPRET.\TION OF 
THE ROENTGENOGRAMS OF THREE HUNDRED CASES 

During the intensive study of the roentgenograms, from the point of 
view of roentgen interpretation, most interesting questions arose, neces- 
sitating definite solutions before any^ classifications or any theories of 
mechanism could be determined. These questions came almost entireh' 
from a lack of standardized technic. The 300 cases had been examined 
by four different roentgenologists. The technic of only one of them 
was known. Immediately, the question arose : Does not this, or that, 
represent some variation from the real normal, produced by variations 
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in the procedures of these different roentgenologists, rather than a 
pathologic condition ? 

Textbooks on roentgenology describe certain more or less standard- 
ized positions for examination of the ankle joint. They point out 
anatomic landmarks above which to center the target of the tube. 
But none of them de.scribe the variations in shadow which may occur: 
for instance, from increased or decreased target j)Iatc <listance, or from 
variations produced hy lateral shifting f)f the target, or hy variations in 
posture of the joint. It would .seem that opportunities for error are 
numerous. The very nature of hospital dressitig.s — so different in the 
various institutions — constitutes one of the most prolific sources of 
error. The difficult)’ of e.xact centering through a plaster-of-Paris 
dressing or of an ankle encased in a fracture box is obvious. 

The discussion which follows may seem to be far-fetched to some 
and futile to others. I am well aware of the conditions under which 
many busy roentgenologists work. I realize that a plate or film placed 
under an ankle with the target at any given distance above it, and the 
perpendicular assumed or guessed at, with a jwoper exposure technic 
will result in a so-called excellent negative. We admit that in a busy 
hospital service most of our patients were .so examined. We admit 
that to the best of our knowledge no patients m any way afterward 
suft'ered, clinically, from such un.standardi'zed examination at our hands. 
It is entirely probable that many clinicians can and will say. Why 
more? But I contend that in our study of these cases we were greatly 
hampered by such methods in arriving at definite conclusions. Gross 
lesions are usually apparent and easily diagnosed. The fine points in 
diagnosis are the difficult ones. It is only by exact methods that the 
science of diagnosis is advanced and the sum total of our knowledge of 
the subject increased. 

The first difficulty that arose, the solution of which was of utmost 
importance, was the exact determination of just what on the roentgeno- 
gram determines diastasis of the lower tibiofibular junction. The 
normal ankle joint was roentgenographed under all possible conditions, 
in an effort to study the possible variations in shadows of the normal 
due to changes in technic. It was first examined at various target plate 
distances with the foot and target in the perpendicular plane; then the 
same ankle was roentgenographed with the leg in different angles of 
rotation and also with the foot in full dorsiflexion and plantar flexion, 
and again with the target deviated to either side from the perpendicular 
plane. A study of these results shows the necessity for the roentgen- 
ologist’s deciding on one target plate distance for all examinations, 
also for him to formulate or design some scheme for quickly securing 
in each case the same perpendicular plane of the ankle and target, 
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especially in the anteroposterior view. A long upright rod with another 
at right angles, attached to its lower end, can readily be made and 
'used for this purpose (goniometer). 

From the results obtained on the roentgenograms shoAving the 
variations in target plate distance, it can be assumed that shadows on 
roentgenograms follow certain rules. Thus, as this distance decreases, 
all shadows proportionately increase provided there is no shift of the 
target in any direction, or any change in the position of the ankle, as, for 
instance, rotation of the limb. Thus the distance between the shadoAv of 
the line of the posterior tubercle on the fibular groove and that of the 
mesial margin of the fibula is increased if the target is moved nearer 
the plate,- but likewise the width of the fibula and tibia seems to be 
proportionately increased. However, b}^ no possible manipulation of 
the tube to either side up to 75 degrees from the perpendicular, or 
by imvard or outward rotation of the leg to 80 degrees can the 
shadow of the most lateral point of the anterior tubercle be made to 
pass to the median side of the shadow of the median border of the 
fibula. (It seemed that the above-mentioned angles were the limits of 
the possible errors that could have been made in the roentgenograms 
of our series). Hence it Avas felt that wt could safely say that Avhen- 
ever this did happen, tibiofibular diastasis Avas established. In fact, 
if the space betAveen the lateral margin of the fibula and the lateral 
border of the anterior tubercle exceeds more than tAvo thirds of the 
width of the fibula, it is most probable that the first degree of diastasis 
(Fig. 36) exists. This Avould seem to be certainly the case if the 
roentgenogram Avas made Avith the foot and ankle and tube in the 
absolute perpendicular plane (Figs. 49, 52 and 53). 

Chaput (1912) gave figures in millimeters shoAving variations of 
the “clear space” as he called it betAveen the line of the posterior 
tubercle and the mesial border of the fibula, and claimed that if this 
space exceeded more than 3 mm., or if the area of the OA^erlapping 
shadoAvs of fibula and anterior tibial tubercle Avas less than 10 mm., 
diastasis AA'^as present. The objection to this as compared Avith the aboA^e 
method is obvious. Measurements on the roentgenogram A’ary greatly 
with changes in technic, target plate distance, etc., Avith age periods and 
in the different sexes. So a method establishing a means of estimation 
proportionate for each indhddual case is manifestly the best. 

The larger the dear space betAA^een these bones, the greater the 
degree of diastasis. If there is additional roentgen CA’idence of a sprain 
fracture or detachment of the anterior tubercle, there is double assur- 
ance (Figs. 30 and 31). But here again one must make due alloAvance 
for the fact that Avhen the patient reaches the roentgenologist reduction 
often has been established. The clear space Avill then not be abnormally 
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wide, and diastasis can only be prestnned to have existed l)y the evi- 
dence of a sprain fracture or a fracture of the anterior tubercle. If 
these are not present, then no dia}:(nosis of diastasis can be made by the' 
roentgen ray. It seems possible that by a very complete study of normal 
ankles in both sexes, and in all age periods under identical conditions of 
technic, more absolute criteria can be established whereby this diagnosis 
can be made. 

The clear space between the internal malleolus and the a.stragalus 
in the anteroposterior view is also a m(»st interesting study. What 
determines the earliest or tirst degree of lateral displacement of the 
astragalus? This certainly is of the utmost importance in the deter- 
mination of such displacement, particularly the so-called outward dis- 
placement. It was found that a 10 degree inward rotation of the leg 
increased this clear space, that the same amount of external rotation 
correspondingly decreased it ; that variations in target jdate distance 
proportionately increased or decreased it as the case might be, that 
tibial and fibular flexion of the foot both decreased it. So if a minute, 
careful diagnosis is to be made, the absolute perpendicular must be 
maintained. Had we had all roentgenograms of the 300 cases .studied, 
made under identical technic, such diagno.ses could have been made. 
We feel that quite a considerable degree of displacement had to be 
present, in fact so much that it would be apjxirent under any condition, 
any position of tube or ankle, before we could say definitely in the 
foregoing cases that a lateral dislocation existed. Probably also a better 
idea of rupture of the internal lateral ligament can be obtained by 
means of this clear space. Thus, when the internal malleolus is intact 
in the pure abduction fractures, this space may aft’ord an idea of 
whether or not the internal lateral ligament has ruptured. Here again 
faulty methods prevented exact conclusions, and this again emphasizes 
the possibility of study under standardized conditions. 

Study of the fibular groove led to the definite conclusion that the 
anterior tubercle always casts the more lateral shadow, the posterior 
tubercle the more mesial. This Avas confirmed by placing pieces of lead 
of different sizes on the lips of the groove in a living subject and then 
roentgenographing the ankle. It was noted, in the negatives made with 
deviations of the tube and change in position of the ankle, above 
described, that in the perpendicular plane the line of the posterior 
tubercle was always clearly defined, that this clear definition persisted 
when the leg was rotated- in or with lateral deviation ..of the target; but 
with the leg rotated out or with mesial deviation of the target, this line 
had a tendency to disappear, becoming merged with the dense shadow 
of the thicker middle portions of the tibia. It is apparent that such 
variations may materially interfere with the exact determination of 
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just what constitutes the so-called posterior fragment. It may also 
interfere in the same way with recognition of the intermediate 
fragment. If this line remains intact, the posterior tubercle is not 
injured and the posterior inferior tibiofibular ligament is also probably 
not affected. It is possible that a deltoid shaped posterior marginal 
fragment broken from the tibia at a point mesial to and behind the 
posterior tubercle may be so displaced that its shadow overlaps the 
line of the posterior tubercle. The exact portion fractured can then 
only be determined by means of stereoscopic plates, and even then this 
is sometimes impossible. A fracture with such displacement was pro- 
duced on a' dried specimen, likewise another involving the posterior 
tubercle so as to interfere with the line of the latter on the roentgen-ray 
negative. In the anteroposterior view, they were indistinguishable, both 
appearing to be fractures of the posterior tubercle. However, stereo- 
scopic films showed quite plainly the character of the first, i. e., a 
fragment displaced behind the tubercle and really not involving it. 

In conclusion, this study has shown that while the roentgen diagnosis 
of the gross lesions of the ankle joint is a comparatively easy matter for 
the trained roentgenologist, the finer points of diagnosis so necessary to 
a thorough understanding of the mechanism are entirely dependent on 
more exact methods of technic than are often now employed.®- 

82. In addition to the footnotes already given, the following, selected from 
more than 250 articles studied in the preparation of this paper, will be found 
of interest : 

Bruns ; Die Lehre von den Knochenbruchen, Stuttgart, 1887, p. 57. 

Farabeuf ; Precis de manuel operatoire, Paris, 1909, p. 835. 

Hamilton: Practical Treatise on Fractures and Dislocations, Philadelphia, 
1860, pp. 443 and 685. 

Messerer; Ueber Elasticitat und Festigkeit der Menschlichen Knochen, 
Stuttgart, 1880, Plate 14, Figures 7, 11 and 3. 

Quenu: Bull, et mem. Soc. de chir. de Paris 32:943, 1906; Rev. de chir. 
36:62, 1907; Bull, et mem. Soc. de chir. de Paris 38:1070, 1912; ibid. 45:1142, 
1919. 

Scudder: Treatment of Fractures, Ed. 8, Philadelphia, 1915, p. 545. 

Tillaux: Traite d’anatomie topographique, Paris, Ed. 2, 1878, p. 1023; 
Gaz. d. hop. 59:89, 1886. 



STUDIES IN EXHAUSTION: III. EMOTION 

G. W. CRILE, M.D. 
cu:vr.i,.\K» 

Intense emotion, especirilly fear, is one of tlie most injurious of 
human experiences. In fact, fear may be clclined as the typical emotion, 
since practically every emotional state is allied to it, even anger, which 
must have originated in the impulse of .self-protection against threatened 
danger. In the hope of discovering which organs i>articipnte in the 
production of fear, and the role assumed by each, 1 began a research 
to this end in 1908, the earlier results of which were reported in the 
Ether Day Address at the Massachu.sctts ricncral Hospital, in 1910. 
In its various phases, this rc.search has continued to the ])rescnt time in 
the laboratory and the clinic, the emotive cxjicrienccs of the war adding 
an overwhelming amount of human data to laboratory findings. 

As stated in the preceding report, ‘ it is practically impossible to 
formulate any experiment so that but one stimulus will act upon 
the animal; but as in the case of hunted foxe.s or of struggle in 
other animals, extreme exertion is the dominating activation, so in the 
case of a small animal subjected to threatened attacks, fear is the 
prevailing stimulus. 

Most of our experiments were with rabbits which for varying 
periods of time were threatened by muzzled dogs. In some instances, 
the frightened rabbits were killed at once; in others, varying periods 
of time were allowed to elapse before death, that the later effects 
of the emotion might be studied ; in still other cases, the animals were 
subjected to daily periods of fright on several successive days. 

A. Histologic Studies 

Rabbits . — Group 1 : Experiments in which the rabbits were sub- 
jected to but one period of fright and then immediately killed. 

Group 2: Experiments in Avhich rabbits were subjected to but one 
period of fright, but were not killed until after two and one-half to six 
hours had elapsed. 

Group 3: Experiments in which the rabbits were subjected to one 
period of fright on each of several successive days and killed shortly 
after the last period. 

1. Crile, G. W. ; Studies in Exhaustion: II. Exertion, Arch. Surg. 3:116 
(July) 1921. 
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Differential Purkinje cell counts, made by Dr. Austin and Dr. 
Hitchings, from the rabbits in each of these groups, are shown in Tables 
1, 2, 3 and 4. These findings are graphically represented in Figure 1. 
Equally marked changes were observed in the cerebellum and the 
cerebrum ; less marked changes were found in the medulla, and changes 
even less marked than the latter were present in the spinal cord.- 

Woodchucks . — While these experiments with rabbits were in prog- 
ress, we had an opportunity to secure two woodchucks, which were 
dug out of their hibernating holes without being awakened. One was 
killed immediately; the other was frightened by several dogs for 
fifteen minutes without being injured in any way, and was killed six 
hours later. 

The result of the comparative examination of the brains of these 
two animals is given in Table 5. The contrast is of special significance 
since it not only shows the possible effects of fear on the central 
nervous system, but the Purkinje cell counts of the woodchuck which 
was killed without being awakened from his hibernating sleep as 
compared with the normal Purkinje cell counts in dogs, in foxes and in 
rabbits (Table 6), which demonstrate strikingly the restorative and 
protective value of sleep. The sections of the brain of this hibernating 
woodchuck contained the most perfect cells of any among the thousands- 
of sections examined in these researches on exhaustion. 

In the experiments thus far described, histologic studies were made 
only of the nervous system. Later, after we had extended our histo- 
logic studies to include all the organs and tissues of the body, another 
series of experiments on fright were performed which demonstrated 
brain cell changes of the same nature and degree as those in the earlier 
series, and less marked, but frequent, changes in the cortex of the 
suprarenals and of the liver (Figs. 2 to 10). These findings are shown 
in Tables 7 and 8. The other organs and tissues showed no demon- 
strable histologic lesions (Table 9). 

The effects of insomnia and sleep on the histologic changes produced 
by fright are shown in Table 10; and the findings in preliminary 
observations of the effects of sodium bicarbonate and of magnesium 
sulphate on the changes produced by fright are shown in Table 11. 

B. Physicocheaiical and Functional Studies 

EFFECT OF FEAR ON SUPRARENAL OUTPUT 

Thirty-five tests of the effect of fright on the suprarenal output 
were made in our laboratorj' by Drs. Hitchings, Sloan and Austin 

2. Crile, G. W.; Proc. Soc. Exper. Biol. & Hed. 7:87-85, 1909-1910. 
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Fig. 1. — Aver.ngo cliiTcrcntial Ptirkiiijc cell counts in rabbits: A, rabbits 
killed immediately after a single period of fright; B, rabbits killed in from 
two and one-half to si.x hours after a single ])criod of fright, and C, rabbits 
killed after daily periods of fright extending from two to three weeks. 


TABLE 1, — Difff.rknti.m, Counts of thk Pukkinji: Cku.s of Rahiuts Killcd 
Immkhi.\ti;i.v Aftkk O.n'k Sk.anci: op Fright 





Active. 

Stages 

A 

Fatigued. 

Exhausted, 

Hurution of Fripl\t 

per Cent. 

per Cent. 

per Cent. 

00 minutes 

73 

25 


GO minutes 

S4 

10 

0 

25 minutes 

09 

2S 

s 

25 minutes 

9t 

5 

1 

10 minutes 

... 77 

21 


00 minutes 

sc 

14 

0 

so minutes 

87 

12 

1 

25 minutes 

S3 

17 

0 

35 minutes 

... tn 

8 

0 

40 minutes 

S9 

11 

0 

Avnrnge 

S3.4 

15.7 

0.9 

Normal average rabbit 

Average duration ol Irigbt: 37 minutes 

04.8 

34.5 

0.7 


TABLE 2. — Differential Counts of the Purkinje Cells of Rabbits Killed 
AT Varying Periods After One Seance of Fright 



Interval 


Stages 



of Time /- 

Until Killed, 

Active 

A 

Fatigued, 

Exhausted, 

Duration of Fright 

Hours 

per Cent. 

per Cent. 

per Cent. 

40 minutes 

2% 

48 

35 

17 

45 minutes 

3VC 

70 

26 

4 

90 minutes 

3% 

47 

45 

8 

90 minutes 

6 

63 

31 

6 

45 minutes 

6 

50 

40 

10 

Average, 63 minutes 

... ... 

55.6 

35.4 

9.0 

Normal rabbit average 

... 

64.8 

34.6 

0.7 
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TABLE 3. — Differential Counts of the Purkinje Cells of Rabbits Killed 
After Repeated Periods of Fright 



Interval of 

Active. 

Stages 

k 

Fatigued, 

Exhausted, 

Periods of Fright 

Time Until Killed 

per Cent. 

per Cent. 

per Cent. 

IG times In 3 weeks 

Found dead* 

59 

27 

14 

14 times in 2 weeks 

24 hours after 

63 

26 

6 

Average 

last period 

63.5 

26.5 

10.0 

Normal rabbit averages.. . 


64.8 

34.5 

0.7 


♦ This animal could not have been dead more than twelve hours, and the brain was 
therefore examined in a shorter time after the last period of fright than in the case of the 
second rabbit in this group, hence the greater percentage of exhausted cells could not bo 
attributed to postmortem changes. 


TABLE 4. — Comparison of Averages in Tables 1 to 3 


Group I. Rabbits killed immediately after one seance 

of fright 

Group II. Rabbits killed in from 2% to 6 hours after 

one seance of fright 

Group III. Rabbits killed after repeated seances of 
fright 

Normal average..... 


Active, 
per Cent. 

Fatigued, 
per Cent. 

Exhausted, 
per Cent. 

83.4 

15.7 

0.9 

55.6 

35.4 

9.0 

63.5 

26.5 

10.0 

64.8 

84.5 

0.7 


TABLE 5. — Comparative Study of the Brain of a Hibernating and of a 

Frightened Woodchuck 


Hibernating Woodchuck 
Cells moderately hyper- 
chromatic with very 
even distribution of 
the granules 


Hibernating woodchuck. 
Frightened woodchuck. . 


A. Cerebrum 


Frightened Woodchuck 

Marked chromatolysis, cells more irregular in 
outline than in hibernating woodchuck 
Many cells with large vacuoles. No hypcrcliro- 
matic cells, some active, nearly all fatigued, 
or exhausted 


B. Cerebellum 


Differential Purkinje Cell Count 


Active, 
per Cent. 
90 
i 


Fatigued, 
per Cent. 
10 
5S 


Fxlia listed, 
per Cent. 

0 

ss 


TABLE 6. — Comparison of the Average Normal Purkinje Cell Counts in 
Dogs, in Foxes and in Rabbits with the Purkinje Cell 
Count in a Hibernating Woodchuck 


Normal dog 

Normal fox 

Normal rabbit 

Hibernating woodcliuck. 


Differential Purkinje Cell Counts 


Active, 

Fatigued, 


per Cent. 

per Cent. 

yv'r C^nt. 

71.2 

2S.1 

0.7 

71.0 

2S.5 

().' 

61.8 

34.5 

0.7 

91 

10 

0 
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TABLE 9. — Eiri;c;T or FitioiiT on Vauious Okgans and Tissues 
or THE Bonv. — (C ontinued) 


IlelKinn Ilnrc. Habblt. : AVoodchiick. | Woodclmck, 

Mule. AVIdte IT'iiiiilc, Mule, i Mnlc 

\Tt.. .XTSO Gin. Wl.. S..Wi Gin. , .'iVeiirxOId 


Stoin iicli 


Intestines 


Testicle 


Uterus 


Nonnnl Normnl 


Mucli distorted niid 
slinuikeii: well- 

stnlned cells In nil 
stiiKi's of nctlvlly 
iind fiitiKiie I 

I'pltlielluinniidcllln ' 

nonnnl; muscle i 
normnl: not deep- ; 
Ij’ stnlned 


JJotli nrld nnd pep- , Miicosn pink; ncid, 
tic cells well stidn- peptic, nnil pnrie- 
ed, muscle normnl tnl cells poorly 
defined 

Kpitliellum nnd Kpitlielliim nnd 
I muscle normnl muscle nonnnl 

•Very few dividing Nonnnl. nctivo 
cells (ir sjM-rmiito- spermntOKenesIs: 

ron In tubules; Inrce nuraber of 

very prent niiin- ‘ Interstltlnl cells 
ber of Inrpe Inter- crowded between 

stitinl celts : tubules 


1 

I 


TABLE 10. — Hi.STOi.ocic Studies of Fear 


Animnl 

Description of 
Experiment 

Brain j 

! 

SuprarennB 

i I.lver 

Babbit 

% hour frlplit fol- 
lowed by insomnia 
10 hours; killed iin- 
mcdiatcly after In- 
somnia period 

Cerebellum: no hi'- • 
percliromntlc; few , 
active; very marked ' 
fatigue in almost 
all eells 

Cerebrum: many In- ■ 
tigued; some hyper- 1 
chromatic nnd nc- ' 
tlvc cells 

Cortex: normal: no 
loss of cytoplasm 

! .Stain not deep; cells 
i nil normal 

Babbit 

1 

% hour fright fol- 
lowed by insomnia , 
10 hours; killed im- 
mediately after in- 
somnia period 

Cerebellum: few nc- 
tivo cells; no hyper- 
chroinntlc. almost 
all badly fatigued 
Cerebrum: some hy- 
pcreliromntlc nnd 
active colls: mnny 
fatigued cells 

Slight loss of cyto- 
plasm nnd vncuoln- 
tlon In some cells of 
cortex 

Medulla: deeply 
stnlned 

Stain faint with uni- 

i form but notmnrk- 

1 cd loss of cyto- 
1 plasmr no vacuola- 
j tion 

i 

Babbit i 

1 

30 minutes fright; 
insomnia 5 hours; 
sleep 5 hours; killed ' 
immediately 

Cerebellum: mostly 
fatigued; no byper- 
cliromatic 

Cerebrum: nil fa- 
tigued; no liyper- 
chrorantic 

Cortex: normnl 

Medulla; normnl 

Normal 

Babbit 

30 minutes fright; 
insomnia 5 hours; 
sleep 5 hours; killed 
immediately 

Cerebellum; mostly 
fatigued; some hy- 
perchromatie in 

stage II 

Cerebrum: mostlji 

hyperchroraatic 

Cortex: normal 

Medulla: normal 

1 

Uniform loss of cyto- 
plasm; some vacu- 
olated cells; a few 
cells with eccentric 
nuclei: cell outlines 
regular 
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Fig. 3. — Immediate and late cfTecl of fright on the cerebellum of wood- 
chuck (reduced from photomicrograph^. X ‘^Id) : -d. section of ccrchellum of 
a hibernating woodchuck; B, section of cerebellum of a woodchuck killed imme- 
diately after a single period of fright; C, section of cerebellum of a woodchuck 
killed four hours after a single period of fright. 



Fig. 4. — Effect of fright on the cerebrum of a rabbit (reduced from photo- 
micrographs, X 85) : A, section of normal cerebrum of a rabbit; B, section 
of cerebrum of a rabbit after repeated periods of fright. 
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Fig. 7.— Effects of fright on the liver of a ral)!iit (reduced from photo- 
micrographs, X 1.640) : section of normal suprarenal of a rahhit : B. section 

of suprarenal of a rahliit after reiieatccl ])criods of fright. 



Fig. 8. Immediate and late effects of fright on the livers of woodchucks 
(reduced from photomicrographs, X 1,640) : A. section of normal liver of wood- 
c uc ' , B, section of liver of woodchuck killed immediately after one period of 

rig It, and, C, section of liver of woodchuck killed four hours after one period 
of fright. 



Fig. 10. — Immediate and late cfTects of fright on the jnprnrt-nalf of v. o .ii- 
chucks (reduced from pliotomicrograph.';. Xl.(>’0): .■}. section oi norinai 
suprarenal of a woodchuck: B. section of suiirareual of a woodchuck kdlcd 
immediately after a single period of fright, and ( section of ^uprart-r.a! of a 
woodclmck killed four hours after a single period of fritht. 
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TABLE 11, — 1 lisToi-ocir Sruiurs or Fr,.\u 


Anlninl 

Do.'crlptlon of 
JC.vpcrliiicnt 

Ilrnin 

•Suprarenals j Mver 

liiibbit 

V-l-boiir frlKlit follow- 
ed by .cubcntiiiK'ons 
Injection of 1 e.c. 
per ki,'. ‘J.'.'Tr .“ointlon 
iniiKne.sliiin .«n|. 

pbiite: killed In (! 
bonr.s 

Cerchelltiin: only an oe- 
caslonnl hyperchro- 

niatle nml active cell: 
almost all faticued; 
few exhausted 

Cerebrum: no hyperehrn- 
mulle cells: many active 
and fatiKUed relis 

Corte.x: slicbt lo.s.s i No loss of cyto- 
of eytoidasm and ■ plasm or vacu- 

vaeut>lntlon Ini (datlon; stain 

outer cells ■ not sharp 

Medulla: pale with ■ 

loss of cytoplasm 

In .some cells 

Rnbbit 

u.lionr frlcbt follow- 
ed by snbenlnncous 
injection of -i e.c. 
per k'K. ‘A'>%.«olntlon 
inaKnc.^iuin .‘^nl- 

pbntc: killed (i hours 
later 

Cerebellum: orea«lonnl 
hyiierehromntlc and ac- 
tive cell; atmo'-t all fa- 
tigued: fea' exhausted 
Cerebrum: some hyper- 
ehromatte cells: some 
active; many fatigued; 
few exhausted 

Cortex: loss of eyto- Moderate uni- 
plasm and vaeiiola- form lo.ss of 
tion In outer cells eytoidasm In 

all cell.s 

.Mtslull.M: pale with , 
loss of cytoplasm 

In some cells 

Cat 

tilionr frih’Iit follow- 
ed by 2 Intravenon.s 
Injeetlons of 10 c.e. 
saturated solution 
NaelK’O.-. ten min- 
utes apart: killed 4 
hours after second 
inject ion 

Cerehelhim: some hyper- 
chromatic cells; most 
all active: some fa- 
tlpue.! cells; stain In- 
tense 

Cortex: marked loss SHcbt uniform 
of cytoplasm and ' loss of cyto- 
vaeuolatlon plasm 

' 


TABLE 12. — Eri'KCT or Ekiciit on* thi: Supij.mif.nai, Output 


(Cannon test) 


_ ...^ 

Animal ] 

Duration and 1 

Jfanner of 1 

Fright ! 

Kplnephrln Test 1 

j 

Kplnephrln Test 2 ] 

i 

Kplnephrln Test 3 

remale cat 

Frightened ; 

1.') min. by ! 

bulldog 

Before fright 

1 negative 

Immediately ' 

after fright i 

positive 1 

10 min. after 
fright nega- 
tive 

Large male 
cat 

Frightened 

1.') min. by 
bulldog 

Before fright 
slightly posi- 
tive react Ion 

Immediately : 

after fright j 

positive , 

15 min. after 
fright posi- 
tive 

remale cat ' 

1 

Frightened 

15 min. by 
bulldog 


2 min. after 
fright slight ! 

reaction 


Male cat 

Frightened 13 min. 
by bulldog; 
Intense fright 

Before fright 
negative 

Immediately 
after fright j 

positive i 

10 min. after 
fright slight 
reaction 


by either Cannon’s or Elliott’s method® (Figs. 11 and 12). The 
protocols given in Table 12 give positive evidence that increased 
activity of the suprarenals is produced by fright, while the findings 
shown in Table 13 indicate that the stimulus which induces this 
increased activity is transmitted to the suprarenals from the brain 
(Fig. 13). 

3. Elliott, T. R.: J. Physiol. 32:401-406, 1905; ibid. 44:374-409, 1912; ibid. 
46:285-290, 1913; ibid. 49:38-53, 1914. Cannon, W. B.; Am. J. Physiol 33:356- 
372, 1914. Cannon, W. B., and de la Paz, D. : Am. J. Physiol. 28:64-70, 1911. 
Cannon, W. B., and Cattell, McK. ; Am. J. Physiol. 41:39-57, 58-72, 74-78, 1916. 
Hitchings, F. W., Sloan, H. G., and Austin, J. B. : Cleveland M. J. 12:684-691, 
1913. Stewart, G. N., and RogofT, J. M. : J. Exper. Med. 24:709 (Dec.) 1916, 
J. Pharm. and Exper. Therap. 8:479-524, 1916. 
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TABLIi 13. — lin-KCT of Fkiciit on* tiif. St:ri!,\nF,N.\i. Output Afti;h Division* 

OF Spl.ANC lINICrS 

(Camion test) 


.■\nimid 

.■Imsthetle and 
Operation 

Duration and 
Manner of 
Fright 

Eplneiihrln 
Tist 1 

Epllieidirln 
T*e,-t 2 

Epineiilirln 
Test .1 

Barge 
male cat 

N'jO plus local block 
idxiominal widl: 
major splanch- 
nlcs cut 

Frlghtcncil 

7 min. Iiy 
bulldog 

7 min. after 
fright nega- 
tive 

20 mill, after 
fright nega- 
tive 

Kpliaphrin 
added to 
blood posi- 
tive 

Immature 

female 

eat 

N:0 trachcidomy: 

4 splanchnics 
cut above dla- 
idiragm 

Frlghti tied 
.1 min. jiy 
bulldog 

ImiiK (llately 
after fright 
Ijegallve 



Feinido 

cat 

N-.'O trnchi'otomy : 

4 sphinchtde.'.' 
cut 

Frightened 

5 min. by 
bulldog 

.Negative 



.Male eat 

N..;0 tracheotomy: 
splanchnics 
cut 

Frlgbteiicd 
.1 min, by 
bulldog 

Negative 




TABLE 14. — liFFKCT OF l'i:.\u on* tiii: 11-ion* Conl'f.ntkation of tiif. Bi.ood 


KxpDriinrnt 1. l’« 

Normiil blood (roin nibbll 7.r>S 

Iiniiicdintt'ly after rabbit bad been frlitliteia'd by a lox terrier for 

D iiiinute.5 fi'Ol. 0.5® 

Ten inlnntc.s after terininatlon of period of friKbt ".10 


Experiment 2. 

Normal blood from rabbit 

Immediatc'ly after ndibit, eonllned In box,* bad bei n frlttbleneil by 

(log for 10 mlnntep 

.•\fter rabbit bad been kept (pilet In box for I.") mlnnle.« and then 

again frightened for ~i mimite.« 

After rabbit bad re.'tcd .10 minutes 

Experiment 3. 

Blood from femoral vein of eat. Cat tied down and vein ('xposed 

under eocain 

After cat bad been frightened for 10 minutes by a dog 

One hour later: animal struggling, respiration very rapid 

Experiment 4. 

Normal blood from rabbit 

After rabbit bad been frightened for 3 minutes by a fox terrier 

Fifteen minutes after tlie intravenous inje(!.tion of l..*> c.e. 2 per ernt. 

morpbin 

Sixty minutes later 

Immediately after administration of ether for 5 minutes 

Experiment 5. 

Blood from cat wliich had been tied down and was struggling 

Immediately after cat had been frightened for 15 minutes by a dog.. 
One hour later, after intravenous injection of 1% grains (0.1 gni.) 

mornhin sulphate in divided doses 

Three hours after fright, cat dying 

Experiment 6. 

Blood from the vena eava of a cat, taken through a catheter 

passed to the vena cava through the femoral 

Immediately after eat had been frightened by a dog for 15 minutes.. 
Immedi.atelv after the subcutaneous injeeticn of 15 m. 1:1000 epine- 

phrin cblorid 

Forty-five minutes later 


7.0.1, 7.07 

7.17, 7.17 

7.?4, 7.41 
7.5S, 7.00 


7.43 

7.-;o 

7.37 


7.02, 7.02 
7..14, 7..54 


i.tii 

7.32, 7.32 


7.09, 7.14 
7.10 

0 99 
C.9S 


7.21, 7.24 
7.02, 6.97 

0,95. 0.95 
0.89, 0.89 


* By keeping rabbit in a box during the seances of fright the element of exertion was 
in part eliminated. 
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EFFECT OF FEAR ON THE II-ION CONCENTRATION OF THE 15E00D 

Six studies of the efl'ect of frij:^lU on the M-ion concentration of 
the blood, made by Dr. Menten,^ showed tliat in every instance the 
H-ion concentration was inarkedly increased. Tliis increased acidity 
WTis evidenced clinically by a greatly increased resjiiralory rate. TIic 
neutralization of the increased acidity was retarded in the two cases 
in which morphin was administered after the period of fright, and in 
one instance in which epinepiirin was given. 

In this scries of experiments, no measurements of the H-ion con- 
centration of the urine or of other body fluids were made (Table 14). 

PIIVSICOCHEMICAE STUOIES OF THE EFFECTS OF FEAR'’ 

In order to determine the effect of fear on the chemical content of 
the thyroid, .suprarenals, liver and muscle, ten rabbits were frightened 


T.‘\BLE 15. — PiiYSicocnKMicAi, Stcimes or Tin; Eifixt of Ff..\k ox Cf.ktaix 

Oun.vxs AXii Tissues 




Thyroid: 

lodin 

Stiprarennls 

, • . 

Ejdneplirln ];i)inei>lirlu OlycoKen 
Content, Activity. Content. 

Mnsclcs; 

Glycogen 


.Series 

Content 

per Cent. 

ln'rCent. per Cent. 

Content 

A. 

12 norniHl rabbits 

0.25 niK. 

0.01 

2 l.Ofl 



12 rabbits alter Irlfilit 1 lioiir... 

0.47 iiiK- 

0.03,1 

l.r.7 1.42.0.743 

(duplicate ass 

»>•) „ 

B. 

10 nonnnl rabbits 

1.11 ii»r. 
0.01% 

0.02." 

1.2.3 1.01 

Trace 


10 rabbits after friglit 1* liour.. 

2.4S IHK. 
O.lOTe 

0.030 

1.5 1.2.3 

Trace 


by dogs as in the experiments described above. The glands and tissues 
from these rabbits and also from an equal number of normal rabbits 
were sent to Parke, Davis and Company, where assays were made 
through the courtesy of Dr. Houghton, and Messrs. Biggs, Hamilton 
and Rome by the methods described in the preceding section of these 
studies in exhaustion.^ 

The results are given in Table 15. In each of these tests, the iodm 
content of the thyroid gland is increased ; but the variation in the 
findings in the liver, suprarenals, and muscle indicates the need for 
many additional experiments. 

In our own laboratory, we confirmed Cannon’s findings of glyco- 
suria in cats, but not in rabbits. 

In five experiments in which the urine was tested prior to and after 
the seance of fright, albumin and casts appeared. 

4. Menten, M. L., and Crile, G. W. : Am. J. Physiol. 38:225-232, 1915. 

5. Cannon, W. B., and Lamson, P. D. : J. Pharm. & Exper. Therap. 7:167- 
171, 1916. 
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> 0-539? 

1-039 
1-018 
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0-5833 
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ARC! urns on surghry 


CLIXICAT. KrriX'TS OF FKAU 

Temperature. — lii most of our cx])crimcii(s the temperature rose, 
sometimes as much as defjrees Ceiitifjrade, the maximum usually being 
reached in from fifteen to twenty minutes. Marinesco has shown that a 
much higher temperature than this is re(|uired to cause brain cell 
changes from heat alone. In two rabbits in which complete thyroidec- 
tomy had been performed two weeks before the exjieriments. the tem- 
perature fell instead of rising; in one case 2 degrees and in the other 5 
degrees Centigrade. 


TABLE 18 . — SeKciFic Co.vi)C(“riviTV iir tui: Bkai.vs oi’ Iv.U’.I’.its .Xma: Sinoi-f: 
.\X!i .XfTi.ij Ui:t'i;ATi.i> Skancks or Fkic.iit 
( expressed in reci!>roenl olnns) 


After single .cennee of frijtlit 


AvcniKt' 

After ronented seiinces of frlKlit 


.\vor!i);e, 


Xorinal aventttc 



Ci’ri'brum 

Crri'brllum 

Rabbit 1 


pom 

Rabbit 2 

roi'ii 

(Xil.'.c 

Rabbit 3 

witc. 

OPPU 



00151 

Rabbit 1 

foir.T 

00153 

Rabbit 2 

(>0101 

fOUT 

Hiibbll 3 

WITS 

('OUO 


. 0010,'. 

001 M 




001S9 

00161 


T.ABLE 19 . — Erri-cT or Fi:ak — R ianiATia) Ti;x Minuti: Pkkiods— ox thk 

Tr.Mi’KK.xTUKi: or Raihuts 


Group I Group II 

------ > - - - - - 

Rabbit 1 Rabl)it 2 Rabbit t! Rabbit 1 Rabbit 2 

— - . JL - A- . ■ ■ . JL A 



Before 

After’ 

Jiofore 

.After 

lloforo 

•After 

lleforc 

After 

’ lleforc 

After 

Day 

Fright 

Frlglit 

Fright 

Fright 

Fright 

Fright 

Fright 

I'rlght 

Fright 

Fright 

1 

39 

39.5 

37 

39 

37 

40 

39.25 

3!).5 

39.25 

by. » 5 

2 

39 

40 

37.5 

40 

37 

40 

39 

39.5 

39.25 

39.25 

3 

37 

39 

37.5 

39.5 

39 

39 

37.5 

39.75 

3S.75 


4 

37 

39 



38.25 

39.5 

39 

o9.«» 

38.5 


5 

37 

3S.5 



o7 

38 

39.75 

41 

40 

40.75 

0 

37 

38.5 



37 

38.5 

39.5 

39.25 

39 

40.5 

7 

37 

38.75 



37.5 

40 

39.25 

o9.5 

39.5 

39.5 

8 

30 

30.25 



37 

37.5 

39 

40 

39 

39.5 

9 

37.5 




37 


39.25 

40 

39 

39.10 

10 

38.5 

39.25 



38.5 

39.25 

39.5 

39.75 

39.5 


11 

38.5 

39.75 



39 

39.25 

38 

39 

38 

3S 

12 

38.25 

39,25 



39 

39 





13 

39 

41 



38 

41 




^ 


' ^ / V ^ T'-' 

f 1.3 O. Rabbit 1 Average olevationlO.T C. Rabbit! 
Average elevation of temporaturct 2.2 C. Rabbit 2 of temperature tO.JS C. Rabbit - 

1 1.48 O. Rabbit 3 


In two experiments in each of which rabbits were frightened for 
ten minutes twice daily for sei'^eral successive days, the temperature 
changed during each seance of fright as shown in Table 19 (tem- 
perature given in degrees Centigrade), 

Respiration . — The respiratory rate was always increased — in one 
instance to 140 per minute. 

Pulse . — The heart beat was accelerated. 



CRILE—EXHA USTION 


149 


Blood Pressure . — The average blood pressure of seven normal rab- 
bits was 76 mm. of mercurj'; that of two frightened rabbits was 93 
mm. of mercury. 

In all the experiments, half an hour of continued fright exhausted 
the rabbit completely, as Avas evidenced b)' the gross clinical phenomena 
and the position — flat on the floor with head and legs extended — 
assumed as soon as the cause of fear was removed. 

HUMAN rilENOMKNA 

In persons under emotional stress the increased actiA^ation is mani- 
fested by the facial expression and by muscular and mental phenomena. 
The increased suprarenal activity is eAudenced by the inhibition of the 
intestines; the participation of the liA’^er, by gl3'Cosuria; the muscular 
factor, by the trembling inhibition of moA^ement, muscular fatigue, and 
increased tem]3erature; the increased H-ion concentration preeminently 
by the increased respiratory rate. If the emotional stress continues 
over a prolonged period, the thyroid gives evidence of its participation 
by enlargement and by the phenomena, Avhich if they become estab- 
lished are characteristic of the condition designated as exophthalmic 
goiter. 

The phenomena of this disease present striking evidence of the 
participation of each organ in the kinetic chain in emotional response. 

During the World War, the human phenomena of intense actiA^ation, 
in Avhich actiA'ation due to the emotions played a predominant role, 
Avere mani fested on a vast scale — in the noncombatants at home, in the 
refugees, in the soldiers in the field and in hospitals, and in the prisoners 
of Avar. As the tide of Avar approached and engulfed each individual, 
his resultant actiA^ation Avas expressed in intensified consciousness — in 
insomnia, in exertion and in emotion, to the results of AAdiich, according 
to the fortunes of the individual, the stimuli of physical injury and 
infection may have been added. 

At the American Ambulance in January, 1915, Ave Avere able to 
secure specimens of the brains, liA'^ers and suprarenals of soldiers who 
had participated in the great retreat of the allied armies from Mons 
to the Marne. During this retreat, goaded by shot and shell and the 
ever adA^ancing enemy, they had marched for nine days and nights 
Avithout adequate sleep and food, and in constant fear of capture. 
Each had been Avounded, the AA'OUnds of each had been infected to some 
degree; but in no instance was either Avound oi infection sufficient to 
cause death. In the fatal exhaustion of these men, it is obviously impos- 
sible to assign the predominant role to insomnia, to exertion or to 
emotion — each unquestionably contributed its share to the fatal result. 
The results of the histologic examination of the brains, livers and 



TABLE 20. — Rksults ok Histologic E.xaminatio.ns in Soldikk.s 
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suprarenals of these soldiers are therefore included here, since they 
illustrate the effects of the acme of intensified consciousness due to 
the utmost exaggeration of normal activations (Table 20 and Figs. 15 
and 16). 

CONCLUSIONS 

1. Extreme emotion causes demonstrable histologic lesions in the 
central nervous system, the liver and the sujirarenals. The first effect 
of fear, as evidenced by the histologic changes in the brain cells, is 
increased activity, manifested by hyperchromatism followed by a pro- 
gressive chromatolysis if the activation is continued. After a sinde 
seance of intense fear, the initial h)'perchromatism is apparently fol- 
lowed by a period of hypochromatism with a gradual return to the 
normal. 



Fig. 15, — Effect of e.xhaustion from insomnia, exertion and emotion on the 
brains of soldiers (reduced from photomicrographs, X dlO) ; A, section of 
normal human cerebellum ; B and C, sections of cerebellum of exhausted 
soldiers. Note the disappearance of Purkinje cells. 

2. Fear causes glycosuria (in cats), albumin and casts in the urine, 
diminished metabolism, and changes in the iodin content of the thyroid. 

3. The hydrogen-ion concentration of the blood is increased by fear. 

4. Preliminary observations of the changes in the specific con- 
ductivity of the cerebrum produced by fear indicate that they parallel 
the histologic changes; i.e., there is first an increased conductivity fol- 
lowed by a decrease to below the normal. 

5. Clinically, extreme emotion raises the body temperature, increases 
the respiratory and pulse rate ; and, if sufficiently intense and prolonged, 
produces a complete prostration, which may prove fatal. 









f 1 i- exhaustion from insomnia, exertion and emotion on tlie 

frnrrftl^Ar^ i normal luiman liver; D and D, sections 

and T ° lausted soldiers. In B and D the disappearance of cytoplasm 

Aacuolated spaces as compared with the evenly distributed cytoplasm in A 

phL^nkrographTi ^ Photomicrographs. X 120; C and D from 
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STRUCTURAL RESULTS O]' PROS'J'A'l'EC'J'OMY 
WITH REFERENCE TO METHODS OF 
ENUCLEATION 

ItASKD OX A STUDY OK OKK HUXDUKD AND TIIIKTV-SIX CASKS* 

FRANK H INMAN, A.I3., M.D. 

SAX Fit A XC I SCO 

A recent analysis of niy own cases of prostatectomy ' shows a 
close relationship between functional and structural results and 
emphasizes the fact that good anatomic restoration is essential to a 
complete cure of the prostatism. The failure of good posterior urethral 
restoration and of preservation of sphincters and ejaculatory ducts may 
be the result of anatomic changes produced by the disease or by the 
surgical procedure. It is seldom that uncomplicaterl ])rostatism can 
so alter anatomic structures as to be incurable. Unsuccessful and 
incomplete enucleation of the hyperplastic mass is, however, one of 
the chief surgical errors that lead to immediate functional failure, 
or later, to recurrence of prostatism. A knowledge of the pathology 
of prostatic enlargement, with the anatomic changes that accompany 
it, and a careful consideration of these facts in relation to either the 
suprapubic or perineal method of enucleation are essential to an under- 
standing of the structural defects peculiar, as well as common, to both. 
Such an understanding, if well founded, should reduce the frequency 
and gravity of structural defects surgically produced and lead in 
consequence to marked improvement in functional results. 

PATHOLOGY AND AX.ATOMIC CHANGES 

The facts regarding the anatomy and pathology may be briefly 
stated. Hyperplasia begins in the central group of glands in separate 
foci and probably never as a diffuse process. Numerous spheroidal 
tumors result, which tend to agglomerate, and in their growth con- 
dense the peripheral gland tissue by compression to form a pseudo- 
capsule. It is inside this false capsule that surgical enucleation is 
performed.^ The posterior lobe is separated from the other lobes by 

*Read before the Section on Urology at the Seventy- Second Annua! Session 
of the American Medical Association, Boston, June, 1921. 

1. Hinman, Frank: “Suprapubic versus Perineal Prostatectomy, a Compara- 
tive Study of Ninety Perineal and Thirty-Eight Suprapubic Cases,” read before 
the American Urological Association, Montreal, June 2, 1921. 

2. Freyer (“Clinical Lectures on Enlargement of the Prostate with a 
Description of the Author’s Method of Total Enucleation of the Organ,” 
William Ward Company, 1920) contends that he performs a complete pros- 
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the connective tissue sheath carrying the ejaculatory ducts and appar- 
ently does not undergo hyperplastic changes, so that for all practical 
purposes all enlargements are prespermatic. Any peri-urethral group 
of glandular tissue of the middle, lateral or anterior lobes may be the 
initial focus of hyperplasia.® These changes may also occur in the 
subcervical and subtrigonal groups and cause obstruction; but it is, 
indeed, rarely, if ever, that one sees enlargement of these groups 
without an associated enlargement of some of the chief lobes of the 
prostate. The type of enlargement will necessarily conform to the 
number and location of initial foci and their relative growth. All sorts 
of combinations have been observed ; but the commonest is bilateral and 
middle lobe enlargement which is peri-urethral and more or less 
fused into one mass. The histopathology of this mass varies from an 
almost pure adenoma to myoma 'or fibroma ; but most frequently it is 
a mixed fibromyo-adenoma with the glandular element predominating. 
The more fibrous or muscular types are smaller, the former commonly 
complicated by or secondary to prostatitis, and both likely to be unasso- 
ciated with a false capsule. An enlargement which has no false capsule 
or line of cleavage is recognized as difficult of enucleation. Growth 

tatectomy. He bases his conclusion on the following evidence (p. 156): 
“(1) The general conformation of the specimens removed by me indicated 
that they were entire prostates. (2) The absence of any palpable substance in 
the cavity that remained at the time of operation, as felt between a finger in 
this cavity and a finger in the rectum, a very thin membrane consisting 
merely of the bowel and sheath of rectovesical fascia lying between the 
points of the fingers. (3) The absence of any mass resembling prostatic 
tissue in the cases operated on, at any period after the operation, on exam- 
ination by the finger in the rectum. (4) When the enlarged prostate projects 
prominently in the bladder the true capsule is at once reached on scraping 
through the mucous membrane covering it by the finger nail. (5) The 
absolute and complete relief of symptoms after operation. (6) But Mr. 
Thompson Walker has adduced the most cogent evidence of all by demon- 
strating that no prostatic tissue is found in specimens removed from the 
bodies of persons on whom the operation had been performed during life.” 
It is rather hazardous to disagree with two such eminent authorities, never- 
theless, I do not hesitate to do so. For all practical purposes, complete 
enucleation of the prespermatic portion in cases of large glands is effected 
by the Fuller-Freyer as well as by the radical cn masse perineal method. 
The false capsule of compressed nonhyperplastic gland tissue is insignificant 
in these cases. In smaller enlargements, however, there is a very visible and 
evident false capsule composed of more or less normal gland tissue. This 
can be clearly demonstrated in postmortem examinations of unoperated cases 
of prostatism. A complete enucleation would remove the vermontanum and 
terminal portions of the ejaculatory ducts. This, I believe, is often done 
suprapubically, as has been demonstrated bj' a number of our perineal specimens 
before we appreciated the importance of incision of the supramontane urethra. 

3. Freyer conceives the prostate as formed of two lateral lobes. 




Fig. 1 . — Diagrammatic representation of conditions as found in a man, aged 74 , five 
j'ears after suprapubic prostatectomy. He had never voided tlirougli tlie urethra since 
operation and had worn a suprapubic lube for five j-ears. Repeated previous attempts to 
catheterize or dilate the urethra were unsuccessful. There were marked p3'uria and rena 
insufficiency; a very large abdominal hernia through the scar of the suprapubic incision. 
There was no suspicion or evidence of cancer. C3’stogram revealed double cavity, and d 
was at first thought that we were dealing with a diverticulum. C3'stoscopicall3'^ a very large 
prostatic cavit3f with an orifice that closel3' simulated the mouth of a diverticulum was 
found, through which the shaft of the instrument could be passed with difficult3'. The 
bladder was markedly dilated and contained a large stone. Passing the c3'stoscope throug 
the suprapubic sinus, a lithotrite could be made to engage at the contracted vesical orihce 
through the urethra (as shown in inset) and the stone was crushed under cystoscopic con- 
trol. Young’s punch instrument was inserted in the same wa3'’ and the vesical neck 
contracture enlarged (inset a and b). 
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follows the line of least resistance intravesically inside the internal 
sphincter, and with large glands, the internal sphincter may be much 
dilated. The supramontane portion of the urethra is elongated and 
distorted in accordance with the type of enlargement. The verumon- 
tanum and ejaculatory ducts are pressed posteriorly, and the inframon- 
tane portion of the prostatic urethra with the external sphincter is 
undisturbed. What problems with reference to the enucleation of this 
hyperplastic mass from its prostatic bed do these facts present to the 
surgeon ? 



Fig. 2. — Urethroscopic appearance of prostatic urethra four years after 
suprapubic prostatectomy; large granular and nodular cavity with dilated 
vesical orifice. 


METHODS OF ENUCLEATION 

Suprapubic enucleation is commonly a one-piece removal performed 
in one of two ways : Intra-urethrally or extra-urethrally ; but the. hyper- 
plastic mass is sometimes removed in separate pieces either way. 
Intra-urethral en masse enucleation has been performed by us by forcing 
a finger back into the urethra and tearing it anteriorly. By blunt 
dissection on this line of cleavage, the hyperplastic mass is freed from 
within outward. In a few cases, we have made an annular or linear 
incision of the mucosa over the intravesical mass as an entering wedge 
for extra-urethral enucleation, from without inward, outside the urethra. 
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ARCH I FES OF SURGERY 


The extra-urclhral would seem to be a method l)cttcr suited to surgery, 
although more difficult, and probably more often secures a complete 
removal. Whenever the gland is not brought away in one piece, it is 
sometimes difficult to determine whether spheroids remain, even with 
bimanual pal])alion with the finger in the rectum, which few surgeons 
practice because of danger of sepsis. Any of these procedures must 
be performed through the internal sphincter, which is thereby dilated 
and sometimes destroyed. 1'he supramontane portion of the prostatic 
urethra is torn or more commonly completely removed. Tags and flaps 



Fig. 3. — Urethroscopic appearance of prostatic urethra two years after 
perineal prostatectomy; persistent nodule at right side of vesical orifice; tags 
in prostatic urethra and small sinus persisting at site of perineal fistula which 
has been permanently closed. The only functional disturbance is nycturia. 

of mucosa are generally left at the prostatic margin or cavity. The 
prostatic cavity is packed for hemostasis, thus tending to perpetuate 
posterior urethral elongation and cavity formation. 

Perineal enucleation, if Young’s technic is followed, preserves the 
prostatic urethra throughout, and rarely is either the internal sphincter 
or vesical mucosa disturbed. The bilateral posterior lobe incisions 
render possible good preservation of the ejaculatory ducts and verumon- 
tanum. When properly performed, the external sphincter remains 
untouched. The gland is enucleated in separate portions, first the right. 
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Fig. 4. — The all important recto-urethroprostatic juncture; a, close apposition of bulbus urethrae, 
triangular ligaments carrying the external sphincter, rectum and apex of the prostate; b, exposure of 
the membranous urethra keeping close to the rectum in order to preserve the perineal union and not 
injure the bulb, transversus perinei or triangular ligaments with the external sphincter; c, correct division 
of the conjoined tendon and recto-urethralis muscle; careless dissection may injure rectum or perineal 
union ; d, separation of rectum from apex of prostate is best effected by knife and blunt dissection putting 
the recto-urethralis muscle on stretch by pressing rectum down with finger and pulling the bulb with 
the external sphincter and triangular ligaments up with anterior retractor. 
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then the left lobe, or vice versa, and an anterior or middle enlargement 
is finally delivered through one or the other of the lateral incisions. 
Successfully executed, the method is surgically ideal. Technical diffi- 
culties are increased with the ring type, and very large hyperplasias and 
these difficulties, probably more than the anatomic difficulties of 
approach, ap]teal to me as the important factors leading to the general 
disrepute of a perfect surgical procedure. 

STUUCTUlt.tL niiFI-XTS OF SU1*R.\PUU1C AND PERINEAL 
PROSTATECTOMY 

The common defect in structure following suprapubic enucleation 
is a failure of restoration of the prostatic urethra, which is replaced by 
a larger or smaller cavity, either infundibular or spindle shaped, 
according to its association with a widely dilated or contracted vesical 
neck (Figs. 1 and 2). Incomplete enucleation may leave nodules or 
large lobes at various parts of the cavity or neck, which may be so 
placed as to impair sphincteric action, resulting in dribbling, or, to 
prevent complete evacuation, resulting in continued frequency and 
urinary infection. Tags of mucous membrane or other tissue left in 
the prostatic ensemble or about the neck may repair in such a way as to 
act as an irritant or even a ball valve polyp, producing marked dis- 
turbances of urination. 

Cavity formation rarely follows the perineal operation ; but 
structural defects at the neck from the presence of nodules or tags 
are common, and unless the operator is familiar with the perineal 
method, nodular remnants, due to incomplete removal of all the 
hyperplastic mass, are more likely to remain than after the supra- 
pubic operation (Fig. 3). These cause functional disturbances and 
may lead to recurrence of prostatism. Deep fissure or sulcus forma- 
tion is also not uncommon, particularly in cases after removal of very 
large glands, and, in such cases also, mucosal plication may lead to 
obstruction to instrumentation as well as urination. 

MODIFIED METHOD OF PERINEAL ENUCLEATION 

The radical cii masse enucleation as usually done suprapubically 
insures more certain and complete removal of the hyperplastic tissue 
than does the lobular removal by the perineal method. This fact raises 
the question as to whether block enucleation through the perineum 
might not secure cleaner and more complete removal and at the same 
time give better structural restoration, or whether a one-piece perineal 
enucleation with divulsion of the prostatic urethra might leave, as is 
common suprapubically, a large prostatic cavity, or finally whether 
such radical removal would be more likely to injure the ejaculatory 




^ig. . ilethod of enucleation: <7, the rectum has been dissected from the posterior surface of the pros^' 
along line of fascia of Denonvillier and is held out of the way by the deep posterior retractor; the pro-'^'! 
mass IS drawn down into the wound by the prostatic tractor, and ready for incision for enucleation; 
inverted V incision is made in the posterior lobe well into the hyperplastic mass; c, the pointed flap of poH 
lobe when thrown back exposes the verumontanuin and ejaculatory duct orifices. A diamond shaped block 
prostatic urethra IS preserved by a second inverted V incision of the mucosa with its apex just above ^ 
superior crista of the verumontanum ; d, depression of the prostatic tractor exposes the roof of the 
branous urethra which is divided with scissors so as to free completely the urethral end of the ptof, 

urethra. The hyperplastic mass is freed masse by blunt dissection, or adhesions can be accurately 
With knife or scissors. 
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ducts. In order to arrive at an answer, we have now performed 
twenty-five perineal operations by a modification of Young’s method 
of enucleation, whereby the hyperplastic gland may be removed in one 
piece just as is done suprapubically. The one purpose is to secure 
complete and clean removal and at the same time preserve the ejacu- 
latory ducts, the verumontanum and both sphincters as effectively as 
by the old method. No attempt is made to preserve the supramontane 
portion of the urethra. 

The technic of conservative perineal prostatectomy as practiced 
and taught by Hugh H. Young is followed up to the incision of the 
posterior lobe for the purpose. of enucleation,. The anatomic difficulties 
of approach of this operation are mastered with a thorough knowledge 
of the recto-urethro-prostatic juncture (Fig. 4). Injuries of the rectum 
or external sphincter never follow a properly performed perineal 
exposure.' The urethra at its membranous portion is opened by a 
longitudinal incision (Fig. 5), and after the insertion of the prostatic 
tractor, the rectum can easily be separated from the prostate along 
the line of D^ionvillier’s fascia (Fig. 6a). After the prostate is 
well exposed, instead of making two lateral incisions into it, after 
Young’s technic and as was done in our first sixty-five cases, an inverted 

V incision having a wide obtuse angle, the apex of which is at the open- 
ing into the membranous urethra, is used (Fig. 6b). This incision is 
deepened well into the lateral spheroids, or, if no lateral hyperplasia 
exists, is continued down through the urethral mucosa to the prostatic 
tractor (Fig. 6c). When so extended, it allows one to drop back 
the verumontanum and ejaculatory ducts in a triangular flap of the 
posterior lobe, thus giving wide exposure of the prostatic urethra 
(Fig. 6c). It is important now that the prostatic urethra above 
the verumontanum near the bladder be incised by another inverted 

V or elliptic cut so as to free the supramontane urethra completely 
from this flap portion (Fig. 6c), as otherwise the colliculus might 
be torn or mutilated by the manipulation to follow. Division of the 
roof of the membranous urethra with scissors (Fig. 6d) now frees 
the whole prespermatic portion. The hyperplastic mass can be easily 
and accurately dissected loose with perfect preservation of the internal 
sphincter (Fig. 7), and when the prostatic urethra has been divided at 
its vesical end with scissors or knife (Fig. 7b), this mass can be 
removed en masse on the shaft of the prostatic tractor (Fig. 7c). 
Tactile and visual inspection of the vesical neck is now easy, and tags or 
defects may be remedied by the proper procedure (Fig. 7d). Small 

4. In ninety cases we have had but one rectal injury, caused by an 
inexperienced assistant holding the retractor so that its edge dug into the 
rectal wall. This fistula closed promptly and spontaneously. We have not one 
case of incontinence from injury to the external sphincter. 
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subcervical or intravesical lobes which failed to come away with the 
main mass can now be accurately and cleanly removed. 

The enucleation having been completed, a catheter on a stilet is 
passed through the urethra by an assistant, and its end is inserted into 
the bladder alongside the tractor, which is then removed (Fig. 8). 
The catheter is thus placed for reestablishment of the urethra as is 
done in external urethrotomy. A second catheter is placed through 
the perineum into the bladder for the purpose of through-and-through 
irrigation. The prostatic cavity is lightly packed about the two catheters 
passing through it, with one strip of gauze (Fig. ^b), which is brought 
out with the perineal catheter at one side. The triangular flap of the 
posterior lobe, carrying the ejaculatory ducts and verumontanum, is 
replaced in position by a mattress suture of chromic gut on the side 
opposite the gauze and catheter (Fig. 8r). An infraprostatic gauze 
pack is placed for the purpose of cavity obliteration and hemostasis 
(Fig. 8f/). Closure now follows the usual technic (Fig. 9.) The 
gauze and perineal catheter are removed after twenty-four hours. It is 
our custom to remove the prostatic pack first, and, if no bleeding 
follows, in one-half hour the infraprostatic pack with the perineal 
catheter is removed. If there is bleeding, it is readily controlled by 
pressure with hemostat against the infraprostatic pack, and repacking 
is not required. The urethral catheter is often left in from four to 
twelve days, and suction applied to it by a Connell apparatus or Davis 
bottle. In ten of the twenty-five cases the perineum remained dry 
after the second day and healed, to all practical purposes, by first 
intention. 

COMMENT 

This type of inverted V incision of the posterior lobe is not new 
as it was used by Young in his earliest cases but has been replaced 
by two lateral incisions because it was thought tlrat better anatomic 
preservation was thus possible. Any systematic effort for clean, com- 
plete removal of the enlarged prostatic mass in one piece through the 
perineum, however, has not been previously made. With medium-sized 
enlargements of glandular type, removal through lateral incisions is sat- 
isfactory, and remarkable preservation of the mucosal layer of the 
prostatic urethra, leaving the verumontanum and ejaculatory ducts 
intact, is possible. But in enucleating large glands, tears and extension 
of the lateral incisions to the membranous urethra almost invariably 
result, and this leaves a very narrow strip of tissue as the ejaculatory 
bridge. The ejaculatory ducts and verumontanum can be satisfactorily 
preserved with the V type of posterior lobe incision irrespective of the 
size and pathology of the hyperplasia. A good view of the vermontanum 
can always be had, and the necessary amount of mucosa for its 
preservation can be trimmed off with knife or scissors from the supra- 
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Fig. 9. — Method of drainage and packing; a, protection of the rectum by approximation of levatores ani 
between it and infraprostatic gauze pack; b, urethral catheter establishes the prostatic urethra and the 
infraprostatic pack obliterates the prostatic cavity; c, method of closing skin with subcuticular chromic gut. 
The catheter and gauze strips have an exit at one side. The former anchored with silk suture, the latter 
: marked so that the prostatic pack can be first removed. 



Fig. 10. — Ring type of bilateral and middle lobe enlargement removed in 
recent case through the perineum. Small fibromyo-adcnoma enucleated 
cii masse with complete preservation of colliculus and internal sphincter, but 
with removal of the supramontane portion of tlic prostatic urethra. 



Fig. 11. — Side view, showing long mass of hy))crplasia c.xtcnding intravesically 
posteriorly to form the middle lobe. 



Fig. 12. — Large bilateral and middle lobe removed by way of the perineum 
in Case 13 (reported in accompanying table). Glandular type hyperplasia with 
clean-cut separation, anteriorly, of lateral lobes which fuse with middle lobe 
posteriorly. 






Fig. 13. — Large glandular ring t 3 'pe hj'perpiasia, enucleated intact by way of 
the perineum before the importance of incision of the supramontane portion 
of the prostatic urethra was appreciated. The colliculus and terminal por- 
tions of the ejaculatory ducts have been removed with the prostatic urethra. 



Fig. 14. — Posterior urethra spread apart to show verumontanum ; same case 
as shown in Figure 13. 



Fig. IS. — Posterior view showing distal ends of torn ejaculatory ducts ; same 
case as shown in Figure 13. 





[1 number 


r Urination: 1 

the average number of voklings 1 
uring the day 


ICvcry two io 
four hours 


Do you get up at night to void?. 


Give the average number of times. 


Never more, 
tliiin once, 
.cotriPtllnes , 
none 


Give the approximate time of niglu tlml 
tliese voidings occur 
Do you have burning on urination? 


C to 1 n. m. 
or not at all 
No 


Do you have hesitancy of urination? 

Do you have difficulty of urination?. 
Do you liavc dribbling of urine? 


1. Is this at end of urination?. 
2.1s this betneeu urination?... 


Do you liave good control of ttrinalion. . I'airly good 
What Is the cliarncter of your urine: 

Clear? Clear 

Or cloudy? 


II. Regarding Your Sexual l.lfe 
Since Operation: 

1. Have you sexual de.^lre? 


2:r.<) a. m.-fi a. m. 

So 

Ye.s nith little 
•Irihbling 
None 

ye.s ) 

Yi s. before and after ; 
Oecn‘ionnIly on 
exrrthii 

lixeept a" al)OVi* 

.stated ' 

siigiVtiy 


2. Do you have erections? 

A- Are they satisfactory? 

B Or unsatisfactory? 

3. Have you had sexual intercourse?. 
A. If not, has it been attempted?.. 


B. Or not attempted?. 


C. Give average frequency and eliar- i 

acter i 

4. Is ejaculation complete? I 

5. Do you have seminal discliarge? i 


.\o, my operation 
completely cina.'-cu- 
latcd me 


' If j)em trallon i.s i 
j e.eseiitlal. no ! 
I .At tcuipte<l tnlee .ciiiee 
’leaving hos. IX’cidedly' 
.'unsatisfactory. U'liore 
I uas .seminal (llscharge . 

I but Incomplete and 
nnsatl.sfaelory > 


Once in 
ttvo rveeks 
Yo.s 
Yes 


A.s .St ated above 


4-ri times j Aboutere; 
I 2 Dours’ 


Once or 

) 

u 

'fhieeli 

t wice 


1 

'J'oward.s 


) 

morning 



No 

0 


No 

0 

' No 

No 

» 

i No 

No 


; No 

Yes 

Very 

Yu 


good 


fl’ar 

Yes 

Olcjr 


No. not 

Occasion- 

; 

! 

often ! 

ally 


.\o ; 

No 

1 



Not Tu; 



Unsati-'- 



factoiJ 

Seldom 

No 

1 Yes 


.'Seldom 


III. General Condition: ' 

I. Do you consider yourself cured of your I Ve.s. with e.\- 
prostatic trouble? | ccfitlon of the 

1 dripping 


Yes, as far as 
:d)ility to void 
urine 


A. If you do not, please describe I lie 
character of present disability 
2. How does your general healtii cfuii- 
pare with what it was previous 
to operation? 


Remarks 


Good, only I 
am siillering 
from neuritis ; 
wliicli 1 had be- 
fore operation 
and I get pretty 
bad at times 
which j’ou can 
see by my writ- 
ing as I can , 
hardly hold 
my pen | 

Catheter life | 
for I year I 
before opera- , 
tion. Has ; 
been seen 1 
since above 
answers were 
received and 
“dripping'' is 
insignificant 


Loss of sex- 
ual power 
Very 
good 


It is somewhat im- 
jiroved. T have good 
physical endurance, 
can walk and drive 
my auto long 
distances, 200 miles 
at one sitting 
without fatigue 


Periodic | Coude cat lietcr broke 
catheter of! in prostatie 
life for ! urethra after opein- 
3 years i tion and fragment 
had to he removed 
! on 5th day per 
I perineum followed 
I by pronounced uri- 
i nary infection with 
1 bilateral epididymitis: 
i iiad intermittent 

1 catheter life for 

j I! months before 

operation 


I Man of SS 
liad a huge 
prostate 
and left 
nospitnl 
wearing a 
urinal on 
account of 
dribbling. 
Pinal result 
is a com- 
plete cure. 

Had led cath- 
eter life for 
. r, months 


Fully 
ns good 


Very large CobP'. 
prostate ret .. 
in man of 
7C. Gatjie- 

7orf 

months 

lift*: 

3 iDon^'' 



-IN Patiknts' Own Wouns 


7 

S 

n 

10 

11 

12 

13 

14 

Summary 

atoii 

res 

1 

•i-d‘ 

Yes 

to 1 lirs. 

•1 (O fi 

3 to 1 times 

. About 
' every 4 
hours 

4 times 

4 to 5 

No 

Yes 

■ 

No 

Y'es 

Y'es 

Yes 

No, 3 

Yes, n 



■ Always once 

No 

2-3, gel up 

3 to -1 


(i to 7 

Two 

2 

• 1 

sonietimes 


for bowel 

times 






twice 


movoincnl 
void at 
same time 



1 




fi n. m. 






12 and 4 

No 

2 -5 a. in. 

No 


No 

No 

No 

No 

T do 

No 

No 

No, 13 

Yes, 1 



No 

No 

No 

No 

No 

No 

Occasion- 

No, 12 

No 







ally 

Y'es, 2 

No 

No 

No 


No 

No 

No 

No, 14 

Sliglit in 

Slight 

No 

Yc.s 

i 

No 

No 

No 

No 

No, 9 

morning 







Yes, 5 

Yes 

Y'es 


No 





4 

No 

No 


Y^cs 






3 

Yes, very 

Y’es 

Y'c.s 

Falrlv 

Yes 

Yes 

Y'es, very 

Yes 

Yes, 14 

good 

Yes 


good 

1 


good 


Yes 



Yes 

Y'es 

Yes 

10 



Cloudy, 
strong odor 

Yes 

4 

' 

ally 

» 




Sometimes 

Yes 


No 

No 



Yes 

0 

Partial 



caily none 

Pew 



Very little 

No 

No 

No 

Yes 

H 

No 

No 



No 




Yes 

No, 4 

Yes, 3 

Yes 













4 

No 

Yes 



No 

No 

No 

No 

Yes 

5 

No 



No 

No 

Not at- 
tempted 

No 

No 

Yes 


0 



..... 


6 


Once or twice 
a week 

' 

1 


Once every 
two weeks 




None 









No 






Yes 

2 

Vot attempted. 

No 



Yes 

No 

No 

No 

Yes 

3 

No intercourse 






(watery 


2 yrs. before 







nature) 


operation 








Y^es 

Yes, but in void- 
ing the urine comes 
freely for a while 
but sometimes 
shuts it olY before 
I get through and 
there is a dribbling 

Yes 

Y'es 

Y'es 

Y'es 

Yes 

Yes 

14 


for a time 








Excellent 

Decidedly 

Improved 

Mucli 

Greatly 

My health is as 

Much 

Very 

Improved in 12 

much better 

better 

better 

improved 

good ns before 

improved 

much 

.4s good in £ 

than before 




operation, my 


improved 

operation 





only trouble is 
that my legs 
are very weak 









from thigh 








• 

to knee 




Preliminary 
lystotomy and 

This man has since 

This patient 

Had pro- 

Catheter 

This patient has 

Catheter 

Intermit- ' 

All were ad- 

been cystoscoped 

has senile 

nounced 

life for 

a chronic ne- 

life for 4 

tent 1 

vanced cases of 

removal of 
large vesical 
calculus. 
Periodic cathe- 
terization for 

3 months 

and a small tag 

dementia 

pyuria and 

1 year 

phritis and 

months 

catheter 

prostatism 

of mucous mem. 

which was 

bilateral 

before 

cardiac decom- 

before 

life for 6 | 

and had been 

brane at the ves,- 

present 

pyelo- 

opera- 

pensation. 

opera- 

months i 

compelled to 

cal margin re- 

before 

nephritis 
with cysti- 

tion 

Dnder prepara- 

tion 


use a catheter 

moved by fulgura- 

opera- 


tion for 6 weeks. 



intermittently 

tion with complete 

tion 

tis before 


Had periodical 



or regularly 


relief of dribbling 


operation 


mcontinenee on 


1 



and hesitancy. 
Had complete re- 



admission 


1 

1 




tention before 
operation and 
used catheter 





j 

) 

1 

I 

j 



3 months 





i 

j 







172 


ARCHIVES OF SURGERY 


montane portion, so that when this is removed later, with the liyper- 
plastic mass, tearing of the vermontanum and consequent disturbance 
of the ejaculatory ducts do not occur. Before we appreciated the 
importance of the deep incision in this supramontane portion of the 
prostatic urethra, in two or three instances the verumontanum with the 
ends of the ejaculatory ducts was torn away with the hyj)crplastic mass 
(Figs. 10 and 11), These experiences lead us to helicve that the 
colliculus and the terminal portions of the ejaculatory ducts arc often 
similarly removed in suprapubic r« maxsc enucleation. 

Attempts to preserve the membranous coat of the prostatic urethra 
when one follows Young's technic in patients with big prostates are 
usually unsuccessful. In view of the deep sulci and the distortion and 
elongation of the prostatic urethra in these cases, preservation seems 
undesirable. So much loose unattached mucous membrane may be 
.so folded or plicated that it forms obstruction to instrumentation as 
well as urination and prevents good structural healing. The ability 
of urethral mucosa to repair is familiar to every urologist who can 
readily recall extensive resections of the urethra in ])crforming external 
urethrotomies and the rapidity with which these gaps fill in. Complete 
divulsion of the prostatic urethra is universally practiced in suprapubic 
enucleation, and it ought not to be more mutilating when done pcrineally 
under direct control of the eye. Mowever, is such complete divulsion 
of the prostatic urethra responsible for the large cavity formation 
so much more frequently encountered after suprapubic prostatectomy? 
This is doubtful. Cavity formation is more readily accounted for by 
the difference in methods of jiacking for the control of hemorrhage 
and the anatomic difference of enucleation. Suprapubically, the whole 
enlargement must be shelled out through the internal vesical sphincter, 
and often the vesical mucosa is stripped back from tbe bladder wall. 
Perineally, only the intravesical portion of the gland is drawn back 
through the sphincter, which is undisturbed surgically. The suprapubic 
operator packs the cavity full from above, elongating and exaggerating 
the prostatic space and often adding to the separation of the vesical 
margin from the prostatic cavity. The perineal operator packs lightly 
and partially from below and relies largely on infraprostatic compression 
for hemostasis, which tends to foreshorten the prostatic space and 
obliterate the cavity. Repacking suprapubically only exaggerates and 
prolongs the existence of the cavity. Repacking through tbe perineum 
is almost invariably an infraprostatic compression with further obliter- 
ation of the cavity. In none of our twenty-five cases of cii masse 
enucleation by prostatic urethral divulsion through the perineum has 
cavity formation ever occurred. 

The great advantage of this modification is that it secures a 
more complete removal of the hyperplasia. Ring type enlarge- 
ments are quite frequent, and even if they are not typical, there 
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is some fusion of tissue between the separate lobes (Fig. 13), and it 
is an easy and no uncommon matter to leave behind small or large 
spheroids at the region of separation of these lobes when they are 
removed separately or in portions. The smaller fibrous enlargements, 
particularly, tend to be ring type, and resection of such enlargements 
is extremely difficult and incomplete when performed by segments, 
but much simpler and more certain when removed en bloc (Fig. 12). 
The absence of a pseudocapsule makes such removal very unsatisfactory 
suprapubically, but is an insignificant factor perineally because of 
the good exposure obtained by laying the posterior urethra wide open, 
with the inverted V type incision. There is no comparison between 
the accuracy and ease of en masse enucleation by the two methods. 
Perineally, with blunt dissector, scissors or knife, one can perform 
an accurate surgical resection under direct control of the eye. 

The cases that have been treated by this modification have been 
reported elsewhere.*^ The importance and perfection of certain details 
of operative technic and of methods of drainage and packing were 
not fully realized in the first ten or twelve cases. In the accompanying 
table, however, the actual answers to a questionnaire are given by these 
earlier patients in whom one year or more has elapsed since operation 
and in all of whom radical en masse enucleation was performed. All 
fourteen state that they are cured of prostatism; two have complete 
preservation of sexual function, and in five others, it is diminished 
and partial, untried in seven.® 

The immediate results of the more recent twelve cases, in which 
the perfected details of the procedure were applied, have all been 
completely satisfactory. The average stay in the hospital after operation 
has been twenty-three days, and the average time for closure of the 
perineal fistula has been five days. Seven cases have closed to all 
practical purposes by first intention, there being no urinary leakage 
after a few hours from the time of removal of the perineal drain. In 
two cases, however, owing to urethral and urinary infection, the 
urethral catheter had to be removed early and closure was delayed, and 
by granulation being complete on the fourteenth and nineteenth day, 
respectively. One patient whose perineum healed by first intention 
had quite a profuse secondary hemorrhage on the ninth day, which 
acted and was treated similarly to the hemorrhage following a punch 
operation. The convalescence was uneventful in six cases ; two patients 

5. Cases 30 to SO, inclusive, and Case 11 of Group A; Cases 38, 39 and 
40 of Group B, “Suprapubic Versus Perineal Prostatectomy” read at the 
Montreal meeting of the American Urological Association, June 2, 1921, 

6. Before operation, sexual life was stated as normal in only four of the 
fourteen cases ; the other ten having markedly diminished, lost or unknown, 
because untried, sexual ability. 
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had troublesome cardiac iusufficietic}', one renal insufficiency, two a 
mild phlebitis and six rather marked pyuria, with evidence of urinary 
infection. Only two patients had epididymitis after operation. The 
general and functional result indicates a complete cure in all these 
recent cases. Five patients have stated that their sexual life was 
normal before operation. Tt was lost or absent in two, diminished in 
three and not stated in two. It is already known that in three, normal 
sexual life has been resumed. 

CONCLUSIONS 

Failure of complete restoration of function after prostatectomy is 
commonly associated with structural defects. Suprapubically, the 
common defect is the persistence of a large prostatic cavity. Perineally, 
the defect is commonly due to nodules or lobular remnants from 
incomplete or irregular enucleation. It is possible to perform a one- 
piece perineal prostatectomy, remove the hyperplasia with the associated 
prostatic urethra completely and cleanly, and at the same time surgically 
preserve both vesical sphincters and the colliculus and ejaculatory 
ducts. The structural result in such a radical procedure is surprisingly 
good, and less apt to be defective than when done suprapubically, A 
large prostatic cavity has never resulted, and the prostatic urethra 
becomes quickly reestablished. The functional results have been entirely 
satisfactory in twenty-five cases. 
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Resident Surgeon and Assistant Resident Surgeon, Respectively, 

Peter Bent Brigham Hospital 

BOSTON 

INTRODUCTION 

The purpose in undertaking this study was to determine what 
operative procedures, in cases of relaxed pelvic floor, have given the 
best results in this clinic. Between the years 1913 and 1920, 130 
patients were operated on for some form of relaxed pelvic floor. The 
nomenclature used was varied : cystocele, rectocele, prolapse, procidentia 
and relaxed pelvic floor. Of these, sixty patients reported in person for 
subsequent examination, twenty-nine reported by letter and forty-one 
could not be located. The cases of the sixty patients that were 
examined are reported in full, and certain deductions are drawn from 
the results in these patients. The results in the twenty-nine cases as 
given by letter or by talking with patients who refused examination are 
reported separately; but no deductions are made, as such observations 
appear unreliable. It is our opinion that only careful physical exam- 
ination, after a suitable period of time has elapsed, should be used to 
judge the results achieved. In fact, several women returned for observa- 
tion stating that they had been fully relieved, examination of whom 
showed that the cervix was protruding several inches from the labia. 
No attempt was made to select cases, and we believe that the patients 
returning for examination illustrate well the various types of this 
disability. 

The extensive literature which pertains to this subject is evidence 
that the present methods of treatment are not entirely satisfactory. 
Articles appear frequently describing an improved operation or the 
variation of some older technic. The discussion of the principles and 
mechanism involved in prolapse is equally prolific. At the same time, 
it can be said that end-result studies are much less common, although 
it seems that careful studies of such results might eliminate at least a 
portion of the methods of cure variously advocated. The recent 
contribution of J. G. Clark ^ is an excellent example of the value of 
such a study. 

* From tho Surgical Clinic, Peter Bent Brigham Hospital. 

1. Clark, J. G. : Surg. Clinics N. America 1:77-100 (Feb.l 1921. 
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Relaxation of the pelvic floor appears to be the mechanism hy which 
all these conditions arc produced. The further titles of cystocele, rec- 
tocele, j)rolapsc and procidentia merely rcj)rcsent the extent of the 
lesion. The result of relaxation of tlie ])elvic floor is a hernia so lucidly 
described by Moschcowitz - in his study of j)rolapsc of the rectum. 
This conception of his, admirably described and illustrated with chart.s, 
he in turn derived from the anatomic study of Waldeyer-’’ and the 
clinical work of Ludlofl',' Zuckerkandl,' and others. Me di.scovered 
later that the operation he perfected had been previously performed by 
Duval and Quenu.'' Jones." Frank *' and Clark ’ liave ajjplicd this theory 
of herniation to jirolapsc of the vagina and uterus, giving all credit to 
Moschcowitz for the clinical apjdication of the idea. The condition 
thus simulates hernia elsewhere. 

'J'hc etiologic factors may he atul are many, just as with other types 
of hernia; hut congenital defects and trauma stand out as the principal 
causes, and one or both are usually present. Congenital conditions 
undouhtedl}' constitute a considerable factor, and in the literature cases 
of nulliparas with complete procidentia are reported, Jones ' states 
that the acquired form of deep culdcsac is more common than the 
congenital type. This congenital type he thinks is due to absence or 
weakness of the transvcrsalis fascia. Trauma is ])rohably of gi’cater 
importance, although there are patients even in this small group who 
have had between six and ten children and who present marked lacera- 
tion of the perineum without any real herniation. The factor of 
increased intra-ahdominal pressure, whether due to tumor, ascites or 
straining at stool with constipation seems to he of only contributary 
importance. According to the type and extent of the herniation, the 
bladder, uterus, rectum or bow'el may rest within the prolapsed part. 

In order to obviate descriptions of the types of operation performed, 
we are submitting here a short description of the various procedures 
used in this clinic. The fact that the staff of this hospital is small 
permits of such a standardization.” However, all experienced m 
gynecologic surgeiy will appreciate that with each case there may be 
some variation from standard types of operation. The number of such 

2. Moschcowitz, A. V,: Surg., Gyncc. & Ohst. 15:7-21, 1912. 

3. Waldever, W. ; Das Becken, Bonn 23:148, 1899. 

4. Liidloff, K.: Arch. f. klin. Chir. 59:447-457, 1899; Ibid. 60:717-811, 1899. 

5. Zuckerkandl, O.; Deutsch. Ztschr. f. Chir. 31:590-608, 1891. 

6. Duval and Quenu : Cited by Moschcowitz, Footnote 2. 

7. Jones, D. F.: Boston M. & S. J. 175:623-627 (Nov. 2) 1916. 

8. Frank, R. T. : Surg., Gynec. & Ohst. 24:42-60 (Jan.) 1917. 

9. Operations in this series were performed by the visiting surgeons, Drs. 
Cheever and Homans or by the successive resident surgeons, Drs. Goetsci, 
Jacobson and Cutler. 
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procedures used in such a small clinic as this is the best evidence of 
the necessity for such variations. There are certain principles, however, 
which are constantly followed. 

The operations for cystocele and rectocele are performed after 
accepted procedures and resemble the operations so well described by 
Frank.® In the cystocele operation, after dissecting back the mucosal 
flaps, the bladder is freed from the cervix, pushed up and held in 
position by approximation of the paravesical fascia, including the 
pubocervical ligaments, after which the excess of mucosa is excised and 
the mucosa reapproximated. In the rectocele operation, after dissecting 
back the mucosal flaps, the levator muscles are exposed and approxi- 
mated by interrupted mattress sutures, placed, to begin with, as high 
imvard on the rectum as possible. The excision of excess mucosa and 
reapproximation of mucosa and skin over the perineum varies with 
each case. These simple plastic repair procedures have on the whole 
proved satisfactory. 

The abdominal operations have varied more widely. The simplest 
types are ventral suspension and ventral fixation of the uterus. The 
procedures most commonly followed are the Gilliam and Olshausen 
methods, well described by Graves in his textbook of gynecology. 
In performing the Gilliam suspension, our method of securing the 
round ligament is to pass a curved clamp from above downward through 
the internal inguinal ring, grasp the ligament beneath its peritoneal 
coat and drag it up on the anterior surface of the recti muscles, where 
it is sutured to the anterior rectus sheath and sometimes to the other 
ligament. This is essentially the Mayo modification. Ventral fixation 
in this clinic is performed by passing either silk or chromic catgut 
sutures into the fundus and then above the anterior rectus sheath, 
tying the knot, sometimes intraperitoneally and sometimes on the rectus 
sheath. 

Supravaginal hysterectomy, with suture of the round ligaments to 
the cervical stump for support or fixation of the stump to the anterior 
abdominal wall, is the most frequent procedure for prolapse of the 
uterus. Graves finds this a most satisfactory operation, with which 
opinion our statistics concur. In some cases, one ovary has been 
tucked into the broad ligament. 

Bisection of the uterus with removal of the endometrium and suture 
of the two halves of the uterus to the rectus sheath on each side has 
been attempted in several of the most pronounced cases of procidentia. 

The Mayo operation of vaginopexy is also recorded a few times, 
performed both by the vaginal and abdominal routes. 

10. Graves, W. P. : Gynecology, Philadelphia, W. B. Saunders Company, 1917. 

11. Mayo, W. J. : Surgical Treatment of Prolapse of the Uterus and Walls 
of the Vagina, J. A. M. A. 59:1421-1424 (Oct. 19) 1912. 
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An operation in which we are greatly interested and Avhich we have 
called here the Moschcowitz procedure is an adaptation of 
Moschcowitz’s operation for prolapse of the rectum, first used for this 
purpose, we believe, by Dr. D. F. Jones,' of Boston. Clark ^ also reports 
much success with, and interest in, this operation. In performing this 
operation, the uterus is drawn up and the pouch of Douglas obliterated 
by spiral stitches commencing on the lateral and posterior walls of the 
pelvis and running over to the cervix, final sutures being taken to 
approximate the utcrosacral ligaments. When these sutures are com- 
pleted, the cervix is held at a high level, and enough space is left 
posteriorly, at the entrance to the pelvis, for passage of the rectosig- 
moid. The posterior culdesac should thus be obliterated. The fundus is 
then held upward and forward by .‘^omc form of ventral fixation or 
suspension. If future pregnancies arc desired, the suspension may be 
of the Gilliam type. We have had .such patients return after childbirth 
(Case 10, Chart 2), This principle of posterior fixation of the cervix 
and obliteration of the culdesac may, indeed, be applied following 
supravaginal hysterectomy. On the whole the logic of, and results 
achieved b}^ this ojjeration are extremely creditable. 

The interposition principle has not bccit used in operations in this 
clinic, 

PRESENTATION OF M.ATERIAL 

Some classification seemed necessary in order to present the results 
more clearly. A classification has been selected based on the age and 
child-bearing possibilities of the patient rather 'than on the type and 
extent of the lesion. Of necessity the treatment must vary both accord- 
ing to the desire for more children and because of the severity of the 
lesion, for one cannot invariably consider such lesions from the ideal 
point of view of what method will give a more nearly permanent cure. 

The following arbitrary grouping appeared most convenient: Group 
1, women in the child-bearing age; Group 2, women past the child- 
bearing age. The dividing line cannot correspond to the biologic limit, 
since it seems reasonable to include in Group 2 women near the 
menopause who do not desire more children and those with serious 
organic diseases, such as cardiac or renal disease, in rvhom future 
pregnancies would be a serious menace to life. Each group is further 
subdivided into Class A, vaginal prolapse (cystocele and rectocele), m 
which the uterus is in its normal relation ; Class B, vaginal and uterine 
prolapse in which there is some degree of uterine descensus and Class C, 
procidentia, in which there is uterine prolapse with the uterus outside. 
There is nothing new in this method of grouping and classification, 
and there is little to commend it, except the fact that the question o 
future child-bearing warrants a definite limit and that the extent o 
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The excess of patients in Group 2 over Group 1 will doubtless be 
taken by some to contradict any statements regarding the small part 
age and trauma play. We believe, however, there is a better e.xplanation 
in the following facts: First, relaxation of the pelvic floor, like inguinal 
hernia, is a progressive lesion, and many patients seek relief only when 
time has proved the futility of hoping for improvement and has shown 
the increase in their disability. Second, women with milder degrees of 
this trouble, when still in the child-bearing age, arc often advised to 
wait until this period of life is over before entering the hospital. This 
means that many women with milder degrees of herniation who would 
enter the hospital in Group 1 arc turned away temporarily and on 
return subsequently will fall within Grouj) 2. 

All but one jiaticnt in Group 2 were married. The average age in 
Group 1 was 33 and in Group 2, 48. The average number of children 
in Group 1 was 2.5, in Group 2 was 4.6. 

The following tables summarize the material in full by groups and 
classes. Table 2 deals with the cases of vaginal jirolapse in Group 1. 
These patients all suffered from mild degrees of vaginal prolapse, two 
patients with rectocclc alone and four patients with rcctoccle and cysto- 
cele. Two patients had a badly torn j)crincum. .All these women were 
married and had had children at the time of operation, and none are 
reported as having had subsequent prcg^iancies. With one e.xception, 
they were in good general physical condition. Symptoms had been 
present for from nine months to eight years, and in the great majority 
of cases they dated back either to the last childbirth or the one preced- 
ing the last. The chief complaint varied from simple backache, which 
was present in most cases, to moderate bladder or bowel incontinence 
and frequently to an actual protrusion frorri the vagina. 

All patients but one were subjected to relatively simple operative 
procedure. All had local plastic operations, and only one of the six had 
an abdominal operation in addition. The results on the whole are fair, 
and no patient showed a complete recurrence though the interval from 
operation to final observations averaged forty-six months, more than 
three and one-half years. 

The most radical operation. Case 1, and one of local repair, Case 3, 
gave excellent results. The radical operation, hysterectomy, was per- 
formed because of complicating fibroids rather than on account of the 
greater degree of the local lesion. If it is true that herniation \Yith a 
congenital weakness is behind many cases, one would expect that cases 
of this class in Group 1, with simple vaginal i^rolapse for which vaginal 
plastic operations were performed, Avould progress and in time recur, 
even as a simple inguinal hernia, wth muscle and fascia repair but 



TABLE 2.— Group 1, Class A, Vaginal Prolapse, Six Cases 



Unless otlierwiso stated "supravaginal hysterectomy” implies "with ventral suspension of cervical stump by round and broad ligaments. 













TABLE 3. — Group 1, Class B, Vaginal and Uterine Prolapse, Twelve Cases 
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without operation on the peritoneal sac, would recur. The evidence in 
this small group is that local operation in early cases of vaginal pro- 
lapse effects permanent relief. The explanation may lie in the fact 
that if the lesion is taken early enough, and further trauma, as child- 
birth, does not occur, the further progression of the incipient lesion is 
prohibited. Another explanation is the accepted theory that trauma 
produces a local weakness which may result in simple local prolapse in 
which the tear is insufficient to initiate herniation of the pouch of 
Douglas. In this class of cases, the latter explanation is probably the 
more justifiable. 

Table 3 shows the cases of vaginal and uterine prolapse in Group 1. 
Into this class fall patients in whom there is some degree of descensus 
of the uterus in conjunction with vaginal prolapse. Uterine prolapse 
without some degree of vaginal prolapse is uncommon. All patients 
were married and had children at the time of operation. Only one 
patient. Case 10, has reported a subsequent pregnancy. The chief com- 
plaint was either “falling of the womb” directly, or such symptoms as 
bulging from the vagina, and backache. The condition had been present 
symptomatically from two months to twelve years. At the time of 
operation, all patients were considered good surgical risks. 

All patients but one (Case 12) were .submitted to some type of 
local vaginal repair, associated in three cases with amputation of the 
cervix and in one case with trachelorrhaphy. In addition, all but one 
had laparotomy, the abdominal procedure being : ventral suspension by 
modified Gilliam operation, 8 cases; ventral fi.xation with silk, 1 case; 
Olshausen suspension, 1 case; supravaginal hysterectomy with round 
ligament support to the cervix, 1 case, and Moschcowitz procedure, 1 
case. Case 6, in which no abdominal procedure was carried out, 
recurred completely after three months. Of the eleven other patients, 
all but one. Case 7 , have done well and showed a good anatomic result 
at the time of the last examination. The explanation for the failure m 
Case 7 probably lies in some mechanical failure at, or shortly after, 
operation. It should be remarked that at operation in this case a large 
retroverted uterus was found. It is possible in' a Gilliam suspension 
when the round ligaments are very lax that they should stretch farther 
and allow descensus to recur, though temporarily holding the uterus m 
good anterior position. The excellent results of the Gilliam operation 
in general would seem to show its efficacy. It may be said, however, 
that in this case there was more descensus than in the others, and the 
cervix actually came to the labia. In such cases, in degree almost 
procidentia, with great slackening pf all supports and herniation of the 
pouch of Douglas, a more radical operation should be performed than 
any type of round ligament suspension which leaves the pelvic floor 



CUTLER-JAMESON— RELAXED PELVIC FLOOR 


185 


still unprotected from the thrust from above. In Case 10 the 
Moschcowitz procedure was carried out; the cervix was held pos- 
teriorly ; the culdesac obliterated and the fundus suspended by a Gilliam 
operation. Within five months, this patient was pregnant. There was a 
normal delivery. The final examination seemed to indicate that the 
posterior fixation of the cervix had broken away. The symptomatic and 
anatomic result, however, was good. 

A study of this class demonstrates that with descensus a combined 
operation is necessary, and that although simple suspension may suffice, 
if the degree of relaxation is considerable, some radical attempt at 
obliteration of, or support to, the posterior culdesac is necessary. The 
failure in Case 6 should have been foreseen, while the failure in Case 7 
suggests the need of a more careful study of the actual relaxation and 
herniation at the time of operation and a better adaptation of pro- 
cedure to conditions found within the pelvis. The youth of this patient, 
27, probably was the reason why nothing more radical was done. 
Furthermore, she desired more children. 

There were no cases of procidentia in Group 1. 

Group 1 as a whole shows satisfactory results, two cases in Class B, 
Cases 6 and 7 being the only failures in the eighteen cases, 89 per cent, 
successes. Case 7 should not .be judged too severely, however, since 
in a patient of 27 no surgeon would undertake an operation entailing 
sterility unless the condition absolutely demanded it. Moreover, the 
Gilliam operation plus vaginal plastics is usually sufficient. The general 
deductions to be drawn are that before the menopause in women 
desiring more children, vaginal prolapse can usually be permanently 
relieved by plastic operations on the vagina, and that when the vaginal 
prolapse is accompanied by moderate uterine descensus, the condition 
can be relieved by vaginal plastic operations plus some simple abdominal 
procedure, preferably the Gilliam suspension or the Moschcowitz 
procedure. 

As shown in Table 4, Class A, Group 2, is relatively small. All seven 
patients show simple vaginal prolapse; all had children. The chief 
complaint consisted of a bulging from the vagina or frequency of 
micturition. These symptoms had existed for from four months to 
twenty years, with an average of more than twelve years. No patients 
had had previous pelvic operations. 

In all cases simple vaginal plastic operations were performed, com- 
bined v.’ith amputation of the cervix in one case only. The average 
duration of time from operation to final examination was thirty-five 
and one-half months, almost three years. The anatomic results at this 
time were good in all except one instance, Case 7. With this exception 
there was no real recurrence in any case, though in two cases a small 



TABLE 4. — Group 2, Class A, Vaginal Prolapse, Seven Cases 
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cystocele was present with some frequency of urination. One patient 
(Case 7) suffered a recurrence with descensus and was reoperated on 
ten months later in this hospital, the vaginal plastics being done again 
and a Moschcowitz operation performed with posterior fixation of the 
cervix and anterior fixation of the fundus. This case showed no 
recurrence eight months later. 

The long duration of symptoms in this group is further evidence of 
why Group 1 patients are relatively few and the disproportion between 
Classes A and B can be taken as evidence of the progressive nature of 
the lesion. That some patients, however, have simple vaginal prolapse 
for a period of twenty years, as shown in two cases in the present group, 
is probably best explained by the fact that in these cases, so few as 
to be exceptional, the lesion is chiefly traumatic, with little congenital 
tendency to herniation. 

The results in this class are good, possibly because of the above 
explanation, and this would seem to agree with the findings in the 
similar class in Group 1. There may be certain types of vaginal 
prolapse in which relaxation of the pelvic, floor plays almost no part. 
One is certainly left with the impression that vaginal plastics will cure 
vaginal prolapse if there is no associated uterine prolapse. 

The twenty-six cases summarized in Table 5 emphasize the relative 
size and importance of this group. The combined number of cases in 
Class B in both groups is 63.5 per cent, of the total sixty cases. It 
appears from a study of the previous classes that complete prolapse 
should be infrequent if operative relief is given early. Simple vaginal 
prolapse on the other hand often causes insufficient subjective symptoms 
to demand operative relief, or when patients with vaginal prolapse with 
sufficient symptoms do seek relief, we find that there is already a con- 
comitant uterine prolapse. It is, therefore, in this class of patients, 
containing the majority of cases with relaxed pelvic floor, that most 
interest centers. 

Of the twenty-six patients in this class, all but three were considered 
good surgical risks. One patient was unmarried, and three had had no 
pregnancies. The average age was 46 years. Symptoms dated back 
from one month to twenty-five years ; but in only six cases had there 
been symptoms for less than one year. Six patients had been subjected 
to previous operations for the same complaintj and in two instances the 
operation had been repeated previous to coming to this clinic. In all 
these cases some form of perineal repair had been performed, and in 
four cases there had been, in addition, some form of abdominal opera- 
tion. The chief complaints were “falling of the womb,” backache, 
bearing down pains, incontinence of urine and in three cases actual 
appearance of the womb at the labia. It appears from these data that 
combined vaginal and uterine prolapse is more common in. multiparous 
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TABLE 5. — Group 2, Class B, Vaginal and Uterine Prolapse, Twenty- Six Cases — (Continued) 
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than nulliparous women, that its onset is insidious and that patients 
usually seek operative relief only when the lesion has progressed for 
years. It would appear that simple plastic operations, as evidenced by 
the number of cases with recurrence after such operations, do not 
always cure. 

The operative procedures may be divided thus: (1) simple vaginal 
plastics; (2) abdominal operations, and (3) abdominal operation com- 
bined with vaginal plastics. 

Vaginal plastics alone, were done in Cases 2, 7 and 17 in which 
anterior and posterior colporrhaphies were performed. Of these, in 
Case 2 there was a complete recurrence, and the patient was reoperated 
on within a year. As this patient had already had one unsuccessful 
plastic operation a few years previously, it is obvious that an abdominal 
operation should have been performed. In Cases 7 and 17 there was 
no recurrence of symptoms, but when one patient (Case 17) was 
examined after a seven year interval, a large cystocele and some descen- 
sus were present. This patient, however, with her advanced age and 
hypertension, was not considered a good surgical risk at the time of 
operation. The good result after four years in Case 7 stands alone 
and may be more a symptomatic than an anatomic cure. 

Abdominal operation alone was performed in Cases 14, 15, 16, 20 
and 25. Bisection of the uterus and implantation above the rectus 
muscle was performed in Cases 14, 15 and 16, and in Case 20 a modi- 
fied Gilliam suspension. Two patients. Cases 15 and 20, did well and 
at fifty-one months and nineteen months, respectively, after operation 
showed no recurrence anatomically or symptomatically. Cases 14, 15 
and 25 recurred almost completely. A 60 per cent, failure is hardly 
satisfactory. The most marked feature of the recurrence was the 
great degree of vaginal prolapse, which suggests that had the abdominal 
operation been combined with vaginal plastics or by such a procedure 
as that of Moschcowitz to obliterate the posterior culdesac, the result 
would have been more satisfactory. 

Combined abdominal and vaginal plastic operations were performed 
in seventeen instances, Cases 1, 3, 4, 5, 6, 8, 9, 10, 11, 12, 13, 18, 19, 
21, 22, 23 and 26. In eleven cases both anterior and posterior col- 
porrhaphy were performed while in the remainder, anterior or posterior 
colporrhaphy as indicated by the local condition. 

There are seven patients in whom the simplest abdominal pro- 
cedure, ventral suspension (Gilliam), was performed; Cases 6, 10, 11, 
12, 13, 22 and 23. Of these seven patients, four. Cases 10, 12, 22 and 
23, showed a good result at the final examination, with no prolapse. 
Three patients. Cases 6, 11 and 13, showed recurrence to the same 
or even greater degree than at the original observation. This is dis- 
tinctly unsatisfactory and appears to condemn this type of operation 
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in women past tlic menopause. The mechanism by wliicli recurrence 
occurs seems to be not only tlie failure of the round ligaments to main- 
tain alone the position of the uterus but the fact that such a suspension 
does not protect the poucli of Douglas from the thrust from above. 
In fact, it appears to guide the intestines into the culdcsac, thus tending 
to increase the amount of pressure brought to bear at this point and 
giving added strain on the ligaments, with the result that they stretch 
and thin out. 

Ventral fixation of the uterus is the next procedure in simplicity. 
There were three cases in this group, Cases 5, S and 9. Examination 
showed one patient. Case 5, relieved, and two failure.-;, with complete 
recurrence, Cases S and 9. There was no essential difference in these 
cases previous to operation, although one patient (Case 8) was generally 
senile and poorly nourished. The operatiott consisted of passing silk 
sutures into the fundus and over the rectus sheath, tying the knot 
intraperitoneally. The explanation of the failures in this small group 
seems to be much the same as when the modified Gilliam operation 
was performed, the weight of the intestine being guided into the pos- 
terior culdesac and exerting exces.sive strain, thus favoring herniation 
of the pouch of Douglas and pulling the uterus gradually away from 
the anterior abdominal wall. A retrospect of this group of combined 
operations in which some form of suspension or fixation was added 
to vaginal plastic operations shows poor results. Of the ten cases, 
five recurred completely. The explanations given above seem to explain 
the reasons for these recurrences and to lead to the conclusion that 
this type of operation should not be performed in women beyond the 
menopause or in whom for other reasons subsequent pregnancies need 
not be considered. 

Two more procedures, the Moschcowitz and supravaginal hysterec- 
tomy with ventral fixation of the cervical stump, remain to be discussed. 
Only two patients returned for examination in whom the Moschcowitz 
operation, with ventral fixation of the fundus and posterior fixation of 
the cervix with obliteration of the pouch of Douglas, had been per- 
formed (Cases 3 and 4). Both of these patients showed entirely 
satisfactory results, twelve and fifty-two months after operation. There 
was slight dysuria in Case 3, and one patient (Case 4) had had a 
subsequent hysterectomy elsewhere for abdominal pain four, years after 
operation. This patient (Case 4) was seen eighteen months after 
operation and showed an excellent anatomic result. Also she stated 
at the final examination that there had been no anatomic recurrence 
and that the subsequent operation was for pain only, very possibly 
from postoperative adhesions, which had not been entirely relieved by 
her operation in this hospital. This type of operation appears to be the 
most rational, as it creates a new and higher pelvic floor and can e 
used in young women contemplating subsequent pregnancies. 



TABLE 6. — Group 2, Class C, Procidentia, Nine Cases 



^ years ‘ slon of cervix 
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In six cases (Cases 1, 18, 19, 21, 24 and 26), supravaginal hysterec- 
tomy was performed, with, in two cases (Cases 19 and 24,) ventral 
fixation of the cervical stump and in the others suspension of the 
stump by the round and broad ligaments. The supporting value of 
round ligament suspension of the cervical stump seems great in spite 
of the recent contention of Bissell.^^ On the whole, the results in these 
cases are good, with complete relief and anatomic cure in Cases 18, 
19 and 24, only slight descensus and frequency in Cases 1 and 26 and 
a very slight bulging of the anterior vaginal wall in Case 21. This type 
of operation appears to have given better results than any other and to 
be a logical procedure if accompanied by vaginal plastics. To be sure, it 
does not create, as in the Moschcowitz operation, a new pelvic floor 
and protect the pouch of Douglas, but it elevates the culdesac and 
should securely fix that portion attached to the cervix; 

A retrospect of the last eight cases shows satisfactory results. Both 
types of operation must be adapted to individual cases. It is suggested 
that the Moschcowitz procedure, obliterating the culdesac by posterior 
fixation of the cervix, might be applied after supravaginal hysterectomy. 
It is probable that when a marked herniation of the culdesac is demon- 
strable at operation, as described by Jones,'^ the Moschcowitz pro- 
cedure is more suitable than hysterectomy. 

The absolute influence that childbearing may have is not evident. 
The unmarried woman in this class presented an advanced lesion and 
it partially recurred after a radical operation. Case 16. Two patients 
(Cases 22 and 17), with eight children, did well after relatively simple 
procedures. 

Table 6 summarizes the cases of procidentia or complete uterine 
prolapse. There are nine patients, varying in age from 27 to 64, all 
had children and the chief complaints were either “falling of the 
womb” or a description of the womb being outside. The symptoms 
had been present from six months to twenty years. All were good 


surgical risks. 

The operative procedure varied widely. In Cases 1 and 2 previous 
vaginal plastics had been performed. In three cases, Cases 2, 3 and 
6, no vaginal repair was performed as a part of the procedure in this 
clinic. In Cases 2 and 6, bisection of the uterus with implantation 


under the anterior rectus sheath was performed. In Case 3 the mtra- 
abdominal procedure consisted of antiversion of the uterus, with 
vaginopexy and fixation of the uterus to the anterior abdominal wa • 
This resulted in complete recurrence in ten months. Presumably t e 
sutures gave way. The reason for omitting a vaginal repair is 
clear. In these three cases the vaginal prolapse recurred complete 7 
and is evidence that a combined operation is preferable. The cervix 


12. Bissell, D. : Surg., Gynec. & Obst. 31:578-583 (Dec.) 1920. 
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in both cases of bisection of the uterus remained well fixed to the 
abdominal wall ; but as Frank ® has shown, this does not prevent hernia- 
tion of the pelvic floor. 

In six of the nine cases a vaginal repair was performed at the same 
time as the abdominal operation. The most comrnon abdominal pro- 
cedure in this class was supravaginal hysterectomy with round liga- 
ment suspension of the cervical stump, Cases 5, 7 , 8 and 9. As a 
group, these patients did well; two patients (Cases 5 and 7) were 
completely relieved. .In Cases 8 and 9, respectively, a small cystocele 
and rectocele recurred; but in both cases the cervical stump remained 
high and the symptomatic relief was complete. It is unfortunate that 
no patients on whom supravaginal hysterectomy with ventral fixation 
of the stump was performed returned for observation, since this maneu- 
ver offers a little better chance for permanent relief. Graves states 
that it is the operation of choice. It appears, however, that better 
vaginal repair might have given complete anatomic cure in Cases 8 
and 9. In Case 8, in which a cystocele recurred, no anterior col- 
porrhaphy had been performed. In Case 4, in addition to posterior 
colporrhaphy, ventral fixation alone was performed, resulting in recur- 
rence of the uterine prolapse with cystocele. This is evidence agairi 
that simple suspension and fixation operations, rather than obviating the 
pressure in the pelvis, tend to increase it by guiding the bowels into 
the posterior culdesac. In Case 1 a vaginal hysterectomy, with sus- 
pension of the vaginal vaults by broad and round ligaments, was per- 
formed after the Mayo method. This gave a very fair result, with 
but slight cystocele, four years later. 

The results in Class C bear a striking relation to the performance of 
a combined operation. In all cases in which there was a single pro- 
cedure, that is, either an abdominal or a vaginal operation alone, there 
has been a recurrence. On the whole, supravaginal hysterectomy with 
round ligament suspension of the stump in conjunction with vaginal 
plastic operation appears to insure a good final result. 

A summary of Group 2 patients shows that of the forty-two 
patients, those in (3ass A with simple vaginal prolapse (seven cases) 
were relieved by simple plastic operations on the vagina with one 
exception. The twenty-six patients in Class B upon whom sevetal dis- 
tinct types of intfa-abdominal procedure were performed show a much 
less commendable end-result. The cases submitted to simple vaginal 
operations (three cases) showed complete recurrence in two cases; 
those submitted to abdominal operation alone (five cases) showed 
complete recurrence in three instances; those submitted to a combined 
vaginal and abdominal operation showed five recurrences in eighteen 
cases. The recurrences occurred in those patients in whom some form 
of simple ventral suspension or fixation of the uterus had been per- 
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formed. The results in the nine cases in Class C are no more encourag- 
ing since only five cases are satisfactory. All the uncombined opera- 
tions (three cases) failed, and one ventrah fixation with vaginal repair 
failed. In the whole group there are fifteen failures (35 per cent.) in 
forty-two cases. 

A comparison of Groups 1 and 2 shows a great , difference in 
end-results. The results in Group 1 are satisfactory whereas those in 
Group 2 are less good. The reason for this seems to depend on the 
more advanced lesions in Group 2, due to the progressive nature of this 
disability. The fact that patients do not seek operative relief until the 
anatomic lesion is very extensive explains the relative predominance of 
Group 2 patients. 


TABLE 7. — ^Data Concerning Cases in Which Report Was Made by Letter 


No. of Cases 

Type of Operation 

Result 

Group 1: 

3 

Class A— Vaginal prolapse 

1 relieved, i not relieved 

3 

Glass B— Vaginal and uterine prolapse 

Vaginal plnsHe 

2 relieved, 1 not relieved 

3 

Vaginal plastic plus ventral suspension 
of uterus..* 

2 relieved, 1 not relieved 

1 

Vaginal plastic plus supravaginal hys- 
terectomy with round ligament sus- 

1 relieved 

1 

11 

Class C— Procidentia 

Vaginal plastic plus supravaginal hys- 
terectomy with round ligament sus- 
pension of cervix...., 

1 relieved 

Group 2: 

6 

Class A— Vaginal prolapse 

2 relieved, 4 not relieved 

3 

Class B— Vaginal and uterine prolapse 

2 relieved, 1 not relieved 

5 

Vaginal plastic plus ventral suspension 

3 reliea'ed, 2 not relieved 

2 

Class O— Procidentia 

2 relieved 

1 

Bisection of uterus and implantation In 

1 complete recurrence 

1 

Vaginal plastic plus ventral fixation of 

1 not relieved 

18 

Total, 29 cases 



It appears that simple vaginal prolapse in either group is relieved 
by repair of the local lesion, that a combination of uterine and vaginal 
prolapse is more permanently relieved when treated early (Group !)» 
and by a combined operation, in which the abdominal procedure must 
be more than simple suspension or fixation of the uterus, and that 
procidentia requires a radical operation, preferably of some type that 
obliterates or elevates the pouch of Douglas. 

B. THE PATIENTS WHO REPORTED BY LETTER 
Table 7 demonstrates the character of cases in which report was 
made by letter, the operation performed and the end-results obtaine 
This table includes eleven cases in Group 1 and eighteen cases in Group 
2. Seven patients in each group report symptomatic relief. This demon 
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strates the greater difficulties in relieving Group 2 patients, either 
symptomatically or anatomically. A study of the operative pro- 
cedures used indicates that patients on whom only local repair opera- 
tions were performed in both Groups 1 and 2 did badly. This is 
contrary to the results observed in the examined cases. The five cases 
of procidentia, however, show results proportionate to the data obtained 
on patients actually examined and on whom hysterectomy was per- 
formed the results are good. Compared with the more accurate data 
collected in the cases of patients that returned for examination, the 
relative group percentages are as follows: Group 1, examined cases, 
89 per cent, successes, letter cases 63.6 per cent. ; Group 2, examined 
cases, 65 per cent, successes, letter cases 50 per cent. The unsatis- 
factory outcome in Class B patients in both groups seems to result 
from an inadequate operative procedure. 

COMMENT 

The material studied is representative in that it contains the varying 
degrees and types of relaxed pelvic floor. It consists of unselected 
cases from the local community. The patients’ ages vary from the 
second to the seventh decade. The duration of the interval from 
operation to observation was sufficiently long to justify acceptance of 
the results as final. 

The class of patients with uncomplicated vaginal prolapse treated 
by local plastic procedures shows surprisingly good results; better in 
.the group of patients examined than in those reporting by letter. This 
interpretation of results was possibly influenced by rigid insistence on 
anatomic cures at the final observation. The reason why cases of this 
type do not go on to uterine prolapse is not clear; but it appears that 
there may be cases in which local trauma permits of a local herniation 
without actually destroying the supporting power of the pelvic floor. 
It is well recognized that cases with complete perineal tears frequently 
do not progress to uterine prolapse. Possibly the good results in this 
group will be partially vitiated with time. The results seem, however, 
to indicate that when uterine prolapse is to accompany vaginal prolapse 
it commences simultaneously with the vaginal lesion, and that if, there- 
fore, patients at examination show no uterine prolapse, they can be 
permanently relieved by local vaginal operations. Retroversion may be 
considered as the initial stage of uterine prolapse. 

The class of patients with uterine and vaginal prolapse (Class B) 
show less satisfactory results. Of the patients reporting for examina- 
tion, those in Group 1 showed satisfactory results, those in Group 2 
unsatisfactory results (ten recurrences in twent 5 ’^-four cases). Among 
the patients reporting by letter in Group 1, two patients in seven were 
unrelieved and in Group 2, three patients in eight were unrelieved. 
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Certain of the failures can be explained by unwise choice of operative 
procedure. Thus, in patients in this class in whom a simple repair or 
an abdominal operation alone was performed, there was frequently 
recurrence. And when a combined operation was performed, but the 
abdominal procedure was a simple Gilliam or other suspension or 
fixation operation, there were several recurrences. A combined opera- 
tion in which the abdominal procedure was either some form of 
hysterectomy or a Moschcowitz procedure proved satisfactory. It 
appears, therefore, that a combined local repair and abdominal opera- 
tion should be performed when uterine and vaginal prolapse are 
present. 

The type of abdominal procedure to be employed may depend on 
whether the patient desires more children It is recognized that the 
Gilliam operation and even ventral fixation of the fundus do not 
endanger subsequent pregnancies. It is also accepted, and these results 
seem to coincide with this view, that such operations do not give a 
high percentage of successes in uterine prolapse. The Moschcowitz 
procedure also permits of subsequent pregnancies, and these results as 
well as those of Clark ^ demonstrate its efficacy in this class of patients. 
In Group 2 when future childbearing is of no importance, a wider range 
of operations is available and the findings in this clinic agree with 
the opinion of Graves,’-® Tittel and others that supravaginal hysterec- 
tomy, with either ligamentous suspension or ventral fixation of the 
stump, is most efficacious. 

In procidentia cases. Class C, the results have been equally dis- 
couraging. Four of the nine patients who returned for examination 
had recurrences and two of the four patients replying by letter were 
unrelieved; six failures in thirteen cases (almost 50 per cent.). Here 
again uncombined operations resulted badly, patients on whom even 
such a radical abdominal procedure as bisection of the uterus returning 
for examination with most distressing vaginal prolapse. Patients on 
whom a hysterectomy, or the Moschcowitz procedure was performed, m 
combination w,ith a vaginal repair, usually did well, and removal of 
the uterus either from above or by vagina after the Mayo procedure has 
proved satisfactory. The necessity of combined operations and radical 
abdominal interference is again demonstrated. 

The type of operation is now and then further influenced by the 
condition of the patient. It must be remembered, however, that the 
combined operation need not be performed at the same sitting. They 
have frequently been performed separately, usually with an interval 
of from a week to ten days, but sometimes after some weeks, the 
patient returning for the second stage when thoroughly rested. The 
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vaginal procedure is necessarily performed first. The task set is 
never a simple one and the patient must be made to understand this 
from the beginning. 

CONCLUSIONS 

Vaginal and uterine prolapse are the result of weakness in support- 
ing structures, either congenital, traumatic or combined, in origin. The 
condition is essentially a herniation. 

Vaginal prolapse when unaccompanied by any uterine prolapse can 
usually be cured by local vaginal repair procedures. 

A combination of vaginal and uterine prolapse always requires a 
combined local repair and an abdominal operation. The type of abdom- 
inal procedure must depend somewhat on the desire for more children 
and on the condition of the patient. Uterine suspension and fixation 
operations are usually insufficient. Supravaginal hysterectomy with 
suspension or fixation of the cervical stump or the Moschowitz pro- 
cedure has proved to be an efficient operation with lasting benefit 

Procidentia must be treated by radical combined operations. Hyster- 
ectomy, either vaginal, or by the abdominal route, with some form of 
intra-abdominal vaginal support, and the Moschcowitz procedure have 
proved, in the cases studied, to give the best results. 



SIXTEENTH REPORT OF PROGRESS IN ORTHO- 
PEDIC SURGERY * 


ROBERT B. OSGOOD, M.D.; ROBERT SOUTTER, M.D.; HARRY C. 

LOW, M.D.; MURRAY S. DANFORTH, M.D.; C. HERMANN 
BUCHOLZ, M.D.; LLOYD T. BROWN, M.D., and 
PHILIP D. WILSON, M.D. 

BOSTON 

CONGENITAL CONDITIONS 

Steindler ^ describes twenty-five cases of congenital malformations 
and deformities of the'extremities, and discusses their treatment by 
means of both original and classical methods. He finds in many cases 
an hereditary tendency and coexisting deformities. He believes that 
in the majority predevelopmental errors are the etioldgic factors. 

Torticollis. — Meyerding^ has observed only twenty-six cases of con- 
genital torticollis in nine years at the Mayo Clinic, and considers the 
deformity rather rare. In their treatment he has employed the generally 
accepted surgical method of dividing by open operation all tight struc- 
tures and retaining the corrected position by plaster-of-Paris casts. 

Fragilitas Ossium {Osteogenesis Imperfecta). — Frontali® reports 
a typical case of fragilitas ossium in which the thymus gland showed 
both atrophy and sclerosis. The other glands of internal secretion were 
normal. He maintains that examination of the thymus ought to be 
made in all cases of this type. 

Congenital Dislocation of the Hip. — Calot ^ considers that ■ recent 
progress in the treatment of congenital dislocation of the hip is due, 
first, to the discovery ( ?) that the true acetabulum in 90 per cent, of 
young children is formed by the ischial and not the iliac portion of the 
os innominatum ; second, that the head and neck of the femur must be 
retained in the horizontal and transverse position throughout the whole 
treatment,- the amount of rotation being exactly equal to the amount of 
torsion of the upper end of the femur, and the amount of abduction 
exactly equal to the angle of slope of the neck; and third, that the 
criterion of cure is the roentgen-ray evidence of a large and solid 

* This report is based on a review of 654 articles selected from about 875 
titles having to do with surgery of the extremities and spinal column, appesi" 
ing in medical publications, chiefly from July 1, 1920, to May 1, 1921. On 7 
those papers seeming to represent progress in this branch of surgery ha^e 
been selected for abstract and editorial comment. 

1. Steindler: J. Orthop. Surg. 2:639 (Dec.) 1920. 

2. Meyerding; J. Orthop. Surg. 3:91 (March) 1921. 

3. Frontal! ; Riv. di din. pediat.. May, 1920. 

4. Calot: Presse med. 28:666 (Sept. 22) 1920. 
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horizontal vault of bone, forming the roof of the original acetabulum. 
He states that this roof of bone can be observed to form during the 
time of fixation in the cast. 

Galloway,® impressed by the bad results of his own attempts and 
those of others to cure congenital dislocation of the hip by bloodless 
methods of reduction, has been performing open operations in nearly 
all the cases which have come under his observation. He states that 
his operative findings have convinced him of the futility of obtaining 
a satisfactory replacement by manipulative methods in the great 
majority of cases. His conclusions are ; 1. All cases should be treated 
by open operation and never by manipulation alone. 2. Open operation 
should be performed without first attempting to replace the head by 
manipulation. 3. The best age for open operation is between 2 and 3. 
4. For children under 6, the anterior incision gives adequate exposure; 
in older or especially difficult cases the posterior incision should be 
employed. 5. In unilateral dislocations there is no upper age limit; 
although limited motion may result, the greater stability is more to 
be desired. 6. Never attempt to operate on both hips at one sitting. 
Galloway has performed fifty operations on thirty-six patients. He con- 
siders twelve cured. He records fourteen other “good” results, and six 
failures. Six are too recent for final report. He has had one fatality. 

[Ed. Note. — The recent findings of the commission appointed by 
the American Orthopedic Association, which will be given more fully 
in a future report, have shown that the cases of congenital disloca- 
tion of the hip which have resulted in apparently anatomically com- 
plete cures by the bloodless manipulative methods are very rare. They 
have not shown that the functional results are as discouraging as the 
roentgenologic findings might lead us to fear. Several clinics have 
demonstrated extensive series of cases in which the functional results 
were satisfactory in a majority of the cases. We are nrt prepared to 
accept Galloway’s dicta on the basis of the present evidence, but 
in fairness to our own patients we must explain to them that the 
successful reduction of the dislocation may not mean a perfect anatomic 
cure, and that subsequent growth changes may occur. . How serious 
an impairment of function these changes may represent later in life 
we cannot yet fully predict. Wliether Galloway’s open methods will 
give a larger proportion of good functional results and avoid the fre- 
quent deformations of the head, which we now know so often follow 
reduction by manipulative procedures, we do not yet know ; but at the 
present moment we are by no means prepared to abandon the manipu- 
lative procedures and accept the open operation as a routine, as Gallo- 
waj-^ suggests.] 


5. Gallow.iy: J. Orthop. Surg. 2:390 (July) 1920. 
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Dubreuil-Chambardel ® reports five cases of congenital dislocation 
of the hip occurring in children whose mothers had suffered from the 
same condition. The dislocations in the mothers had been corrected 
in early childhood. 

Feutelais ^ reports a rare condition of congenital permanent con- 
traction in flexion of both hip joints. There was no demonstrable 
central or peripheral nerve lesion. A firm fibrous band between the 
anterior superior spine and the thigh represented the tensor vaginae 
femoris muscle, and at operation both this muscle and the sartorius were 
found to contain no muscle tissue. These firm fibrous bands cast a 
heavy shadow in the roentgenogram. Resection of the restraining 
bands and retention in a plaster spica restored normal function. 

Congenital Equinovarus. — Elmslie,® after describing very exactly 
the antomy of clubfoot and emphasizing the importance of a knowl- 
edge of its morbid anatomy as a prerequisite to treatment, expresses 
the opinion that tenotomies have been too freely performed, and that 
they often very definitely affect the ultimate function of the foot. 
Repeated manipulations and plaster casts are his methods of choice. 
Relapse, he states, is due to incomplete correction at first. The obstruc- 
tions to be overcome are the astragaloscaphoid capsule, the displace- 
ment of the cuboid inward upon the os calcis, and the obliquity of 
the neck of the astragalus and anterior portion of the os calcis. He 
describes his operation, in which through an incision along the inner 
side of the foot the anterior two thirds of the internal lateral ligament, 
together with the astragaloscaphoid capsule, is completely cut away, 
thereby exposing the head of the astragalus, the tuberosity of the 
scaphoid, and the sustentaculum tali. From the outer side, the os calcis 
is cut through with an osteotome, one-half inch (1.3 cm.) behind its 
anterior border. The whole anterior part of the foot can now be 
abducted and elevated. If the obliquity of the neck of the astragalus 
is an obstacle, it can be similarly osteotomized. 

Ober® previously has described a somewhat similar operation for 
resistant cases in which the patient is not less than 2 years of age. 
The skin incision is made from the posterior tibial groove three fourths 
of an inch (1.9 cm.) above the internal malleolus, extending forward 
across the mesial surface of the tibia, curving downward and ending 
at the inferior border of the scaphoid. This cuts the deep fascia, 
periosteum, annular ligament, and anterior portion of the deltoid liga- 
ment. The next step is removal of the astragalonavicular ligament 
from the scaphoid and clearing of the superior surface of the astragalus 

6. Dubreuil-Chambardel; Bull, de I'Acad. de med. 84:281 (Nov. 30) 1920. 

7. Feutelais: Rev. d’orthop., September, 1920. 

8. Elmslie; J. Orthop. Surg. 2:669 (Dec.) 1920. 

9. Ober: J. Orthop. Surg. 2:558 (Dec.) 1920. 
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of the anterior tarsal ligament, if it is adherent. The plantar fascia 
is divided subcutaneously. The adduction is corrected over a wedge, 
and forcible manipulation corrects .the inversion and plantar flexion. 
The Achilles tendon is divided subcutaneously. Overcorrection must 
be possible with one finger. The first plaster is applied in. only slight 
overcorrection because of the circulation, chiefly of the skin. Fourteen 
days later overcorrection can be greatly increased. Subsequent plasters 
are applied until full overcorrection is obtained, and are continued for 
four or five months. Then some form of clubfoot brace is worn for 
from six to eight months longer. 

Summary. — 1. The operation lengthens the foot. 2. Any desirable 
amount of overcorrection may be obtained. 3. No important vessels or 
nerves are injured. 4. The removal of the contractures allows one 
to obtain anatomic reposition of displaced bones. 

Zadek is insistent that the treatment of congenital clubfoot should 
be begun at the earliest possible moment. In all resistant cases, plaster- 
of-Paris casts should be used, and the treatment should be continued 
until the dorsum of the foot rests easily against the lower end of the 
leg. This postion. he thinks, should be maintained for about four 
months, in the average case. Rarely is a brace necessary. He believes 
that altogether too much reliance is being placed on braces, which are 
only retentive and not corrective. Frequent observation is necessary, 
and most of the relapses are due to insufficient treatment after the 
gross deformity has been corrected. 

[Ed. Note. — ^We have been more and more impressed, not only with 
the feasibility, but also with the completeness of functional cure, in quite 
extreme cases of congenital equinovarus by manipulative methods alone. 
The plaster technic must be meticulous and often prolonged, but we 
have yet to observe better end-results from any other method. Bone 
operations in children are surely to be discountenanced, except possibly 
the exact “skeletal adjustments” of Hoke. Small, awkward, and weak 
feet result. Neither the Ober nor the Elmslie operations should affect 
bone growth materially, and they may well prove entirely safe short 
cuts to function in resistant or neglected cases. We must, by this time, 
be familiar with the really disastrous results to future function for 
which the so-called Phelps operation is responsible.] 

TUBERCULOSIS 

Stigmas of Predisposition to Bone and Joint Tuberculosis. — Rivers, 
reviews the extensive historical evidence of a tuberculous dyscrasia 

10. Zadek, Isadore : Correction of Congenital Clubfoot in Infants, J. A.. N. A. 
75:536 (Aug. 21) 1920. 

11. Rivers: Brit. J. Child. Dis. 17:59 (April-June) 1920: cont. 17:140 (July- 
Sept.) 1920. 
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accumulated before the discovery of the bacillus. To this extensive 
and delightfully written review, Mr. Rivers, who is tuberculosis officer 
of the Barnsley District, West Ridings, Yorks, adds the data of his 
own experience. The three chief historical stigmas were red hair, 
icthyosis, and nasal abnormalities. From a study of over 350 cases 
of bone and joint tuberculosis and a series of normal controls. Rivers 
finds that red hair is about twice as common among tuberculous patients 
as among normal persons, icthyosis is also about twice as common, 
and nasal defects, chiefly catarrhal or atrophic rhinitis, are more than 
three times as common. Mental defects and hypertrichosis are also 
found much more frequently in tuberculous children. 

General Treatment of Surgical Tuberculosis. — Sorrel, the suc- 
cessor of Menard as chief surgeon to the Municipal Hospital of Paris 
at Berck sur Mer, has become convinced that heliotherapy at the 
seashore is the most energetic treatment for bone, joint, and glandular 
tuberculosis. He places little value on drugs or auto-inoculation with 
fluid removed from tuberculous joints. The eftects of serotherapy and 
tuberculin treatment he considers inconclusive. He is, however, con- 
vinced of the value of roentgen-ray treatment of glandular tuberculosis. 
In children, surgical intervention should rarely be undertaken, while in 
adults resection is-the rule. After 50, he believes a cure from resection 
cannot be expected, and that amputation is generally indicated. His 
impression is that the actual duration of a tuberculous lesion is not 
shortened much by treatment, and that it completes a more or less 
definite cycle. We can, however, reduce the amount of bone destruc- 
tion and allow healing to take place with the least disturbance of 
function. 

Negri’s experience confirms the value of heliotherapy, even at 
comparatively low altitudes, and van Ree,^^ after observing the effects 
of roentgen-ray treatment in 470 cases of glandular tuberculosis, mostly 
in the neck, is enthusiastic over the' brilliant results. Improvement 
occurred in every case, and 85 per cent, of the patients were clinically 
cured within a few months. The exposures are made at three-week 
intervals. Aspiration or occasionally the excision of a favorably located 
single gland may hasten the healing process. Abscesses should not he 
opened by incision. Deep bone processes do not seem to be so tractable, 
but superficial lesions of the smaller bones and joints often heal rapidly 
under roentgen-ray therapy, especially if the sequestrums are remove . 

Steindler,^® reviewing 350 cases of joint tuberculosis, of which 2 
were treated conservatively, twenty-eight operatively, and ninety-seven 

12. Sorrel; Presse med. 29:101 (Feb. 5) 1921. 

13. Negri: Policlinico 27:324 (Oct.) 1920. 

14. Ree: Nederlandsch Tijdschr. v. Geneesk. 2:1985 (Nov. 13) 

15. Steindler; J. Iowa M. Soc. 11:33 (Feb.) 1921. 
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not at all, feels that the strongest advocacy should be given to helio- 
therapy and outdoor life and, usualty, to institutional care. All severe 
cases of spinal or hip joint disease should be treated in recumbency, 
and the general trend of his opinion' is towards lengthening the period 
of recumbency. 

Mixed Lung and Joint Tuberculosis . — Some rather interesting 
observations have been made by Jacquemin,^® physician to a hospital 
to which these combined cases are sent. He thinks that he has dis- 
covered that the prognosis depends on which process is primary. He 
considers that the secondary process acts like a derivation or fixation 
abscess, and a lessening of the severity of the primary process may 
be expected. When the process in the lungs is secondary to the bone 
or joint process, the lungs soon become compromised ; but when the bone 
or joint process has developed secondarily to a lung process, he has 
found it to do little harm, and he believes it should be looked on as a 
favorable sign. He believes that these secondary bone foci should not 
he operated on, citing disastrous examples among his cases. On the 
other hand, all primary bone or joint foci should be excised with the 
object of relieving what he considers a sort of sacrificial process in the 
lungs. 

Tuberculosis of the Spine . — Calve and Galland’s conception of the 
mechanics of Pott’s disease is that of a fracture of the spine, the two 
segments balancing on the diseased articulation. In children, they 
believe the disease heals completely in from three to five years, with 
the minimum of deformity, by conservative methods employed in 
recumbency. In adults, after two years of recumbency, they believe a 
long, ankylosing bone graft makes safe a quicker return to function, 
relapses being very common without this added protection. . 

In adults. Calve prefers the Albee transplant in the lumbar 
region, but elsewhere the bone periosteal ankylosing operation. He 
believes, that from two to three years of recumbency should precede the 
operative procedure, and six months of recumbency should follow the 
operation. A protective corset should be worn for two or three years 
after the patient is allowed to be up. Calve and Galland consider that 
even in children it is possible that a short bone graft, limited to the 
diseased vertebrae, may immobilize the articulation more securely than 
Nature can alone. They insist, however, that the classic treatment of 
recumbency and an antituberculous regimen must be continued until 
repeated roentgenologic examinations demonstrate that a complete bony 
ankylosis has been secured. Calve reports four cases in which he has 
attempted to relieve the paraplegia by inserting his special cur\'ed 

16. Jacquemin; Bull, med., Sept. 18, 1920. 

17. Calve and Galland: Rev. de chir. 58:3^0, 1920. 

18. Calve: Medecine 2:38 (Oct.) 1920. 
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trocar into the spinal canal through the intervertebral foramen, with 
the object of relieving the pressure from a suspected abscess within 
the canal. This method was reviewed and comment on it was made 
in the fifteenth report of progress. One of the four patients he now 
reports cured, two are improving, and in the fourth he considers the 
result a failure. 

Stone reviews sixty-five cases of caries, of the vertebrae, in thirty- 
three of which operation was performed in one way or another to 
obtain ankylosis. The remaining cases received the classic nonoperative 
treatment. Nineteen per cent, of the patients treated without opera- 
tion developed abscesses; 42 per cent, of the patients operated on 
developed abscesses. He states that operation did not control the 
progress of the deformity. The mortality of the operations was 15 
per cent. He concludes on the basis of his review that operative pro- 
cedures are not indicated in children and that after care must be con- 
tinued for as long a time as in the cases in which operation was not 
performed. 

[Ed. Note. — It is evident that more general employment of 
roentgen-ray therapy is demanded, surely in all the more or less super- 
ficial forms of surgical tuberculosis. The wide experience of Stro- 
meyer that roentgen-ray treatment is of great value in young 
individuals, and as a postoperative treatment, is one of the latest bits 
of testimony to this effect. It is evident that heliotherapy is being 
gradually accepted as perhaps the most important part of an antituber- 
culous regimen, quite irrespective of whether heliotherapy of the Alpine 
height type is or is not available. It is evident also that in spinal 
caries more and more reliance is being placed on prolonged recumbency 
to effect a permanent cure, and that less and less reliance, especially in 
children, is being placed on bone grafting operations. The recent 
report of the commission of the American Orthopedic Association on 
ankylosing operations on the spine gives added strength to this view. 
The report will be discussed more fully in a future report of 
progress.] 

Operative Treatment of Healed Hip Disease . — Rogers and 
body believe that the three groups of these cases which they differ" 
entiate demand different operative procedures. In the first group, m 
which the lesion has healed with firm bony ankylosis, a curved oste- 
otomy just below the trochanter, or transtrochanteric, serves to correct 
the adduction and flexion deformity. In the second group of cases, 
in which there is some remaining motion, but a fixed deformity, they 

19. Stone; J. Missouri M. A. 17:367 (Sept.) 1920. 

20. Stromeyer: Deutsch. med. Wchnschr. 46:514 (May 6) 1920; cont. 
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21. Rogers and Peabody: J. Orth. Surg. 2:589 (Nov.) 1920. 
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advocate an arthrodesis of the joint, no matter how slight the motion. 
In the third group, in which there has been extensive destruction of 
the head and neck, and in which the trochanter is elevated and rests 
on the ilium, a simple arthrodesis in position may be less sure to 
succeed than taking off the top of the trochanter, cleaning out the old 
acetabulum, and placing the trochanter in it. The authors maintain that 
firm ankylosis of the joint in from 20 to 30 degrees of flexion and 10 
degrees of abduction is the best functional result of tuberculous hip 
disease. 

[Ed. Note. — We are in accord with the operative procedures which 
the authors advocate in the types of old hip disease. We are also ready 
to express our conviction that, in perhaps the majority of cases of 
tuberculous disease of the hip joint, occurring even before growth has 
ceased, bony ankylosis in the position they suggest is the best result to 
be obtained from our present methods of treatment. We are not con- 
vinced, however, that if recumbency were more generally employed, 
even in the mild cases, and some method (perhaps allowing a certain 
amount of painless voluntary motion) could be instituted for increas- 
ing the blood supply and decreasing the atrophy, useful motion in this 
peculiarly shaped joint could not be retained after the disease is over- 
come. We have observed an occasional result of this sort in true 
tuberculous disease of the hip, and although the range of motion has 
not been complete, and temporary joint strains (not lighting-up of the 
old process) have occurred, we believe these patients to be happier, 
less conspicuous, and more efficient than those with firm, painless 
ankylosis of the hip in a favorable position. We are not ready to 
give up striving to devise methods of cure of tuberculosis of the hip 
with useful motion remaining. We shall always have the recourse to 
ankylosis b}!^ arthrodesis if we fail.] 

Spina Ventosa . — Rocher and Lasserre*- have obtained rapid cures 
in nine cases of spina ventosa by making a lateral incision, scraping 
out the spongy tuberculous bony tissue beneath the periosteum, and 
suturing immediately. Continuous traction on the finger is maintained 
until healing and sufficient bone regeneration have occurred. 

Arthrodesis of the Wrist . — Ely has employed with satisfaction in 
tuberculosis of the wrist a tibial graft implanted in the radius, laid 
in a channel made in the carpal bones and terminating in the third 
metatarsal, the hand being maintained in slight dorsal flexion. 

[Ed. Note. — Considering the experiences of Lexer and others with 
the lack of permanence of grafts which bridge articular surfaces, we 
should doubt the constant success of this procedure, unless the carpal 

22. Rocher and Lasserre; J. de med de Bordeaux 91:466 (Sept. 10) 1920. 

23. Ely. L. W. : .\n Operation for Tuberculosis of Wrist, J. .A. M. A. 75: 
1707 (Dec. IS) 1920. 



208 


ARCHIVES OF SURGERY 


joints were destroyed as well. The experience has been that after a 
considerable period, a solution of continuity in the graft is very prone to 
occur where it crosses the articulation. There are several articulations 
in the wrist which must be thus crossed.] 

Tuberculosis of .the Knee Joint in Children. — ^Henderson is con- 
vinced that the chief reliance in the relief of this condition must be open 
air, sunshine, tonics, good food, and general hygiene. His keynote 
is conservatism, with rest in the acute stage, and a Thomas knee splint 
during convalescence. Rarely is resection advisable. 

Tuberculosis of the Foot. — Revel believes that a thorough removal 
of tuberculous disease of the foot may be expected to eradicate the 
disease and afford better weight bearing than amputation and an 
artificial foot. He illustrates his article by three cases, one of thirty 
years’ standing. Access to the disease is obtained by Delbet’s method 
of cutting straight across the dorsum of the foot at the mediotarsal 
joint or between the tarsus and metatarsus, dividing all the dorsal 
tendons, nerves and vessels. The forefoot is swung down, and 
.lengthwise incisions are made if necessary. ■ All disease is dissected 
away and the forefoot is then sutured back in place, somewhat 
shortened, but still useful for weight bearing. 

[Ed. Note. — We have observed the result in one such case in an 
adult in whom for ten years no sign of the disease has recurred. and 
the patient walks with a scarcely perceptible limp.] 

RICKETS, OSTEOMALACIA, OSTEITIS FIBROSA AND OSTEITIS DEFORMANS 

Rickets. — Nathan summarizes some recent research which seems 
to substantiate the claims that rickets is a deficiency disease. Empiric 
observations had already demonstrated the efficiacy of cod liver oil m 
the treatment long before its high content of fat soluble vitamin was 
known. In any event, we should use it . as a preventive and as a 
method of treatment, assuming for the present a deficiency factor which 
this supplies. 

The work of McCollum, Simonds, and Parsons in producing 
“rickets” and similar diseases in rats by deficient diet seems to bear 
out these conclusions. Rats were fed on diets made up from rnore 
than 300 formulas in which there was a deficiency of the fat soluble 
vitamin A or of calcium. The diets produce in young rats disturbances 
in the growth and formation of the skeleton. When the diets were 
supplemented by purified food additions to make good these deficiencies, 

24. Henderson: Minnesota Med. 3:463 (Oct.) 1920. 

25. Revel: Rev. de chir. 58:205 (March) 1920. 

26. Nathan: Presse med. 28:577 (Aug. 21) 1920. 

27. McCollum et ah: J. Biol. Chem. 45:343 (Jan.) 1921. 
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normal nutrition and skeletal growth were induced. They conclude 
that it is only possible at present to state that the etiologic factor in 
this condition -is to be found in an improper dietetic regimen. 

Working with Shipley,-® the same observers administered cod 
liver oil in carefully regulated amounts to rats in which experimental 
rickets had been produced by feeding on a diet deficient in calcium, 
, sodium, and chlorin ions, as well as in fat soluble vitamin A. The 
animals were in such a condition that life could have lasted only a few 
days longer. The results showed ocular and seemingly conclusive 
evidence that there was some substance in the oil which caused calcium 
to be deposited in the same fashion as in the spontaneous healing of 
rachitis in man. 

■ Phemister, Miller, and Bonar^® have been studying the effect of 
phosphorus in rickets. After careful microscopic and roentgenologic 
observations they conclude that its method of action is little understood. 
In the case of cod liver oil, the result might be attributed to the presence 
of fat soluble A, but this could not be the explanation for the action 
of phosphorus. There is a trace of phosphorus in cod liver oil in 
organic combination, but it is improbable that it is present in sufficient 
quantity to exert any influence. Evidently phosphorus and also cod 
liver oil in some way restore the power of normal ossification, which 
in rickets is temporarily lost. They consider that their experiments 
have refuted the contention of Wegner, who believed that phosphorus 
was incapable of assisting in ossification in rickets until some other 
factor restored the altered calcium metabolism to normal. 

[Ed. Note. — Cod liver oil seems to be capable of bringing about 
normal bone formation in rickets. Phosphorus and actinotherapy seem 
capable also of so doing in certain instances. We may safely conclude 
that rickets is a disease of nutrition, but we apparently cannot yet 
positively say whether there is only one agent or whether there is 
more than one agent which can supply the deficiency in itself or make 
available substances necessary to normal bone formation and calcium 
deposition.] 

Osteoclasis versus Osteotomy . — Blachard considers the results 
from osteoclasis (Grattan), even in severe anterior bowlegs with the 
curvature near the joints, superior to the results from osteotomies. 
Nonunions following osteotomy are by no means rare, but he has never 
known one to occur after osteoclasis. In severe cases the Achilles tendon 
may be divided, and if, in an extreme bowing, the several osteoclases 
need to be performed at slightly different levels, three or four months 

28. Shiplej’ et al.: J. Biol. Chem. 45:343 (Jan.) 1921. 
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apart, there is no contraindication. Simple division of the Achilles 
tendon may be made at each operation. The other structures stretch 
sufficiently, and 10 cm. may be gained in length. Blanchard thinks 
that slow osteoclasis is dangerous. Not over eight seconds should be 
taken for the fracturing of the bone by the osteoclast. 

Briining,®^ on the other hand, advocates making several (up to six) 
osteotomies, with the Gigli saw, through small incisions. The trau- 
matism is so slight that he does not hesitate to operate on both legs 
on the same day, even if the bones to be corrected are the femurs. 

Actinotherapy in Rickets . — Riedel reports from Ludloff’s clinic 
excellent results in rickets from the use of the quartz lamp. We com- 
mented on the use of this form of actinotherapy in rickets in the 
fifteenth report of progress. He applies the light more vigorously 
than it is applied in Biesalski’s clinic, using it daily, starting with three 
minutes and increasing three minutes a day up to thirty minutes. He 
states that delayed callous formation sometimes following osteotomy is 
greatly hastened by the light. 

Rachitis Tarda . — ^Jean and E. Kollmayer have observed 200 cases 
of rachitis tarda. They found these fell into three more or less distinct 
groups: (1) affecting chiefly the bones; (2) affecting the joints as 
well, especially the knees and feet; (3) affecting the alimentary 
canal with dyspepsia, diarrhea (often bloody), metrorrhagia, and bleed- 
ing from the bladder. Certain of the patients showed central nervous 
symptoms. They believe these changes to be best explained by external 
changes in the vascular system as a primary manifestation, and sec- 
ondary changes in the endocrine glands. They think that the common 
cause of the osteomalacia and rachitis tarda is a decided lack of 
mineral salts in the food, owing to the insufficient fertilization of the 
soil during the war. 

Osteomalacia . — Dieffenbach contends that osteomalacia is a fairly 
common disease, though frequently unrecognized until spontaneous 
fractures call attention to the nature of the disease. The roentgeno- 
logic picture is fairly typical, but the clinical manifestations are typical 
also. There is a short, unsteady gait, with bent back and head, 
vague indefinite “rheumatic” pain referred to the different joints, and 
the presence of earthy phosphates in the urine. As the disease prO" 
gresses, there is loss of height as the atrophic femurs or other long 
bones bend. In view of the almost epidemic character of the disease 
in central Europe, a nutritive disturbance would seem to be the probable 
etiologic factor, underfeeding, improper feeding, and deficiency 
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calcium, phosphorus, and the vitamins. There is also apparently a 
deficiency in suprarenal, parathyroid, and gonad secretion, perhaps 
primary, perhaps secondary. Treatment by rest, regulated diet, 
endocrine products, and actinotherap)', may be expected to bring about 
a cure in cases not too far advanced. 

Cramer and Schiff report the details of such a case of “famine 
osteomalacia” entirely relieved b}"^ nourishing food for a few weeks and 
the administration of calcium and phosphorus. 

Chelmonski,®® writing from Warsaw, describes a number of cases 
of what he calls alimentary osteoporosis encountered during the Ger- 
man occupation, when famine reigned. Recovery was prompt when 
the patient could have repose and proper food. 

Freund and Lockwood,®" in a case of osteomalacia, have studied 
the effects of certain endocrine extracts and oophorectomy on the 
metabolism of calcium and magnesium. During the administration of 
thyroid extract there was a marked increase in the loss of both calcium 
and magnesium. With pituitary extract there was a still greater loss 
of calcium, but little change in the magnesium content. During para- 
thyroid administration there was retention of both calcium and mag- 
nesium. After removal of the ovaries there was a much greater loss 
of calcium and a slightly greater loss of magnesium than at any 
previous observation. 

Ruggeri reports a case of osteopsathyrosis in a child of 13, who 
had had twelve fractures. He found a deficit in the phosphorus, 
calcium, and magnesium balance. Under thymus extract administration 
this deficit was lessened and the condition improved, only to relapse 
later. There was associated a hypoplasia of the muscular and cardio- 
vascular systems. 

Hirsch contends that rickets, osteomalacia, and osteoporosis belong 
to one great group of hunger osteopathies, and are differentiated only 
by the age and sex of the patients. Rickets is the disease of the child 
and the adolescent, osteomalacia that of the mature woman, and osteo- 
porosis that of the age of involution. All these three affections showed 
a marked increase during and after the war. In all of them some 
influence of the endocrine system was noted. 

Osteitis Fibrosa . — Langenskidld describes seven cases of osteitis 
fibrosa, giving the clinical and microscopic data. In localized lesions 
in which the bones become soft, resection of the abnormal bone is 
indicated. Diffuse lesions he considers hopeless. 
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Greig reports two cases of osteitis fibrosa, in one of which there 
was a history of severe muscle strain. In the other there were 
successive fractures of the leg and thigh. Following these fractures 
there was marked bowing, and the roentgenograms taken for the first 
time after the fractures showed an osteitis fibrosa. One questions 
whether the process antedated or followed the fractures. An oste- 
otomy was performed to correct the deformity, with a good result. 

Beust has observed a case of congenital fracture of the tibia in 
which the examination showed evidence of osteitis fibrosa, with the 
formation of a bone cyst at the seat of fracture. He states that Stierlin 
has reported a congenital fracture of the tibia due to osteitis fibrosa. 
He raises the question whether osteitis fibrosa may not be a more 
frequent cause of congenital fractures than has been supposed. 

Osteitis Deformans. — Rbmer^® reports three cases of an osteitis 
resembling true Paget’s disease, confined to a single bone and following 
a definite injury. In one case five, and in another twenty, years had 
elapsed since injury, and no other bones were involved. Pain was a 
more marked factor than in typical Paget’s disease. The bones were 
operated on and the pain relieved. Normal bone growth occurred in 
the areas in which the bone was removed. 

[Ed. Note. — W e ‘have met one case of this sort in which no 
syphilitic taint existed.] 

Sheath-Formmg Osteitis . — Renon and Geraudel present roent- 
genograms of a patient having Marie’s hypertrophic pulmonary osteo- 
arthropathy. They think the term misleading, as only the shafts of the 
bones are involved. The photomicrographs show a double process m 
the bones, ( 1 ) the production of a sheath of spongy new bone, and (2) 
a calcification of the intercellular fibrillae and interfibrillar substances. 
The bones contain an excess of fat, while the calcium and magnesium 
content seems to be normal. Their own case was that of a man of 60, 
with cancer of the lung and a chronic pneumonia. In five similar 
cases on record the connection of the condition with disease of the 
lungs seemed certain. 

SYPHILIS 

Horwitz has found the Wassermann reaction positive in only 
about 50 per cent, of the cases of bone and joint syphilis. Reliance 
must therefore be mainly placed on clinical findings. He recognizes 
three types: 1. Congenital, characterized by spontaneous fractures at 
or shortly after birth, epiphyseal involvement marked with joint symp 
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toms and symmetrical polyarthritis, though the joint motion is only 
slightly limited, and bone thickening, plus bone softening. 2. The late 
hereditary form. Here joint involvement is the exception and shaft 
involvement the rule, as shown by the saber shaped tibia, cortical thick- 
ening on the side of the convexity, and irregularity of outline. The 
tenderness is marked, but the disability is slight. Atrophy of the 
muscles in the lower extremity is common. 3. Acquired form. There 
is frequently synovitis, permanent or recurring. The degree of dis- 
tention is out of proportion to the amount of pain and disability. The 
arthritis is usually secondary to shaft involvement and extension into 
the joint. The osteomyelitis begins as an osteitis extending into the 
medulla, and the symptoms are analogous to those of a pyogenic osteo- 
myelitis, except that the new bone formation is more extensive. In the 
acquired form periosteitis is not as common as in the late hereditary 
type. 

Gaenslen and Thalhimer report a case of what they believe to be a 
syphilitic epiphysitis in an adolescent boy of 13. They suggest that the 
lesion is often mistaken for tuberculosis. They would differentiate it 
by (1) the predominance of cartilage, and the “riotous*' appearance of 
the osteogenesis; (2) the lack of completion of the new bone forma- 
tion; (3). the excess of calcium deposit in the cartilage in apposition to 
the areas of new bone formation; (4) the obliterating endarteritis in 
the thickened periosteum. 

Cotton has been impressed by the improvement which he has 
noted in five cases of Charcot joints from antispecific treatment. He 
thinks it stops further progress, and that actual bony repair has taken 
place in certain instances. The mechanical damage which may remain 
can be greatly helped by apparatus. 

SCOLIOSIS 

Schlesinger has examined 12,860 schoolchildren and found that 
approximately 12.5 per cent, show curvature of the spine. The great 
majority of these are made up of what he terms constitutional curva- 
tures and rachitic curvatures, the former being almost six times as 
common as the latter. The differential diagnosis between the two, he 
thinks, is easy, the constitutional being cliaracterized by a long trunk, 
often graceful and quite flexible, while the rachitic shows a short, 
clumsy spine and a thorax markedly limited in mobility'. The rachitic 
curves arc much more common in the lower grade schools, and at the 
age of puberty. The etiolog)'- of the constitutional form is not clear to 
liim, though he admits the probability of a constitutional anomaly of 
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muscles, ligaments, or bones. Faulty posture alone at school, or outside, 
he thinks does not explain it. These children as a class are neuropathic, 
with pallor of face, irritability, and frequent enlargement of the thyroid 
gland. There is a large percentage of short sightedness among them, 
which he thinks may well be a predisposing factor. Schlesinger has 
found that the rachitic curve tends to grow worse and needs radical 
orthopedic treatment. The constitutional curve often grows better 
under rest and careful postural education. 

Kleinberg,^*’ in a long article, gives the details of the treatment of 
scoliosis which he employs since his abandonment of the Abbott 
method, which failed to cure scoliosis in his hands.. His conclusions 
are: (1) The most effective means of recognizing scoliosis is by the 
frequent routine examination of the naked backs of all schoolchildren. 
(2) Corrective treatment should be instituted as soon as the curvature 
is discovered. (3) Treatment should be continued uninterruptedly for 
years, until such " improvement has 'been obtained as will reasonably 
assure the arrest of the deformity. (4) Extension of the spine is the 
best form of treatment, arresting the progress of the deformity and 
in many instances reducing the deformity. It is the least uncomfortable 
and does not cause malformation of the chest. (5) When the jackets 
are changed there must be no opportunity for relapse of the deformity. 

Estes,®“ working at Lehigh University, concludes that “functional 
scoliosis” occurs in from 10 to 20 per cent, of college men, 70 per cent, 
of the curvatures being left-sided. He believes the commonest causes 
are “flatfoot,” occupational or developmental peculiarities, and the 
shortening of one lower extremity. 

[Ed. Note. — The problem of scoliosis is ever with us, and the 
satisfactory explanation of its etiology is still lacking in the majority 
of cases. We may call it “constitutional,” idiopathic, functional, 
developmental, or whatever we choose, but these terms do not explain. 
It is clear, however, that posture alone does not cause it, nor short 
legs alone, nor vertebral anomalies alone. Rickets, we know, is associ- 
ated in certain younger patients in an apparently causal relation. We 
believe that we must assume some condition of the bones of a similar 
nature to that in rickets, before a poor posture, or a short leg, or a 
vertebral abnormality can act as an -exciting cause. We seem to be 
able to correct the condition in certain cases of mild, flexible curvature, 
we seem to be able to arrest, perhaps improve the condition in certain 
cases of considerable severity. It has not been yet proved beyond cavi 
that we can untwist and unbend, much less overcorrect, the curvature 

49. Kleinberg: Surg., Gynec. & Obst. 32:364 (April) 1921. _ 

50. Estes, W. L. ; Causes and Occurrence of Functional Scoliosis in Co eg 
Men, J. A. M. A. 75:1411 (Nov. 20) 1920. 



PROGRESS IN ORTHOPEDIC SURGERY 


215 


in cases in which there is a fixed rotary curve, without danger to the 
general health and the possible production of other deformities out of 
all proportion to the advantage of the correction of the curvature.] 

FOOT STRAIN AND FOOT DEFORMITIES 

Objective Signs of. Foot Stmin. — Freiberg.'^^ believes that pronation 
and abduction of the foot cause most strain at the tibiocalcaneal portion 
of the internal lateral ligament. Tenderness at the attachment of this 
ligament to the sustentaculum tali is a very characteristic sign. Frei- 
berg suggests that an estimation of the amount of pressure at this point 
which causes pain may be a helpful sign in diagnosis of foot strain. 
In persons suffering from foot strain, pain is caused, as a rule, by 
pressure of less than 2^ pounds (1.13 kg.), most frequently by pressure 
of from to 1% pounds (227 to 681 gm.). If pain is caused by 
these light pressures, he interpretes it as a potential weakness in 
adductors and supinators. 

Foot Strain in the Army. — Mebane'- discusses foot abnormalities 
and their management in the light of his army experience in handling 
foot cases in base hospitals and development battalions, and on examin- 
ing boards. The army considered that a normal foot must be unrestricted 
in its motion and must have its line of transmission of the body weight 
pass through the forefoot. The causes of foot trouble in the recruits 
were congenital, traumatic, and infectious. Success in treatment 
depended on accurate diagnosis, mechanical correction of abnormal posi- 
tions, and the strengthening of weakened foot structures by means of 
carefully graduated exercises. Appropriate alterations in the tread of 
the Munson last army shoe and adhesive plaster strappings were 
employed. Felt pads and metal plates were found impractical in the 
army. 

End-Results of Operations for the Relief of Hallux Valgus . — 
Spiers has studied the end-results in ninety-six patients operated on 
in the orthopedic clinic of the Massachusetts General Hospital. The 
method generally employed until the last few years was excision of 
the head of the first metatarsal bone. There were a few cases each of 
cuneiform osteotomy of the first metatarsal, resection of the exostosis 
alone, and of the operation devised by Col. William Keller of the 
U. S. Army. This consists of the removal of the superior and mesial 
portion of the head, including the exostosis, and of the excision of a 
button of bone from the proximal end of the proximal phalanx. Spiers 
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found that (1) 66 per cent, of the excisions of the head were satis- 
factory to the patients; (2) by the excision method favorable results 
depended to no small extent on after-treatment; (3) the method was 
usually satisfactory in those patients whose occupations were sedentary; 
(4) after excision of the head, loss of normal range of motion is the 
rule; (5) in the unsatisfactory cases following excisions, the anterior 
arch was the trouble maker; (6) special and more or less permanent 
arch supports are essential after the head has been excised; (7) bony 
overgrowths frequently interfere with a satisfactory result after excision 
of the head ; (8) the simple removal of the exostosis is rarely justified 
by the results; (9) the Keller method seems to offer a distinct advance 
in the operative treatment of hallux valgus. 

Injuries to the Sesamoid Bones of the Great Toe.-r-BxtihtvgS^ writ- 
ing on this subject, recognizes the fact that divided sesamoids may be 
congenitally present in both feet and in both sesamoids, although the 
mesial sesamoid most often shows this abnormality. Injury to the 
sesamoids, including true fracture and subluxation, may occur. In 
none of his cases, except in a case of subluxation, was operation neces- 
sary to relieve the pain. The frequently renewed application of a thick 
felt pad, just behind the bone, until all tenderness had disappeared, and 
the wearing, for some time after this, of a transverse cleat, from one 
fourth to three eighths of an inch (0.6 to 0.9 cm.) in thickness, across 
the sole of the shoe, just behind the sesamoid bones, accomplished a 
permanent relief. Exercises for developing the power of the toe-flexing 
muscles completed the cure. 

Hammond reports two cases in which he found the mesial sesa- 
moid adherent to the head of the first metatarsal bone. On removal, 
the sesamoids showed a tiny necrotic spot at this point. 

Operations for Cure of Weak Feet. — Brodnitz has modified 
Mueller’s operation for the relief of severe flatfoot thus: Instead of 
reinserting the entire anterior tibial tendon into the scaphoid, he splits 
it and pulls one half through a hole in the scaphoid, and simply shortens 
the other half, thereby gaining a broader area of attachment, which he 
considers a great advantage. 

Pingree lengthens the tendons which are short and hold the foot 
everted, and shortens the adductors. 

Human Prehallux. — Monahan believes that the human prehallux; 
a structure growing from the inner border of the scaphoid downw^ 
and backward, is much more -common than is generally recognized. ^ 
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has found it in 10 per cent, of cases of painful feet, many of them 
erroneously diagnosed as gout, rheumatism, and “flatfoot.” It is not 
apparently a congenital structure in the human foot, but appears usually 
between the twentieth and fortieth years. Its origin is from some 
(lormant ossification structure, often associated with syphilis or tuber- 
culosis.. 

POSTURE 

The Reaction of Bodily Mechanics to Cyclic Vomiting and Other 
Obscure Intestinal Conditions. — ^Talbot and Brown,®® studying the 
effects of posture on the bodily functions of adults and children, have 
become convinced that vicious habitual postures inhibit normal intestinal 
function and induce constipation. Certain cases of cyclic vomiting, 
supposed generally to be due to some fault of innervation, have yielded 
rather strikingly to correction of the concomitant vicious posture by 
means of exercises and braces. 

[Ed. Note. — We must not assume that all children with prominent 
abdomens, hyperlordosis, and feet which appear flat need a brace or 
even special exercises. Many apparently normal children go through 
this stage on the way to the erect posture of adult life. We may, 
however, recognize early the so-called congenital visceroptotic child, 
and associate causally obscure intestinal derangements, failure to gain 
weight normally, and general asthenia with this faulty position of the 
viscera and the accompanying faulty -posture. The general improve- 
ment which takes place in their condition under postural treatment, 
when different methods of feeding, etc., have failed, is so extremely 
.common as to be generally expected.] 

Gastroptosis. — Beastrup expects to find the stomach very low in 
women with long flat trunks, the upper abdomen curving in, and the 
lower abdomen prominent. The symptoms of dull headache, scanty 
frequent micturition, and constipation are usually present. He cites a 
case in which, after prolonged and unavailing medical treatment, a sur- 
prising gain in weight and a disappearance of symptoms occurred under 
massage and arsenic therapy, and through elevation of the foot of the 
bed, followed by the use of a supporting belt when 'the patient was 
allowed up. 

Lee and Brown are not prepared to say that many ailments of 
the nervous and gastro-intestinal system are caused by bad mechanical 
use .of the body, but they recognize the frequent association of such 
symptoms. For example, their investigations have seemed to confirm 
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the fact that certain cases of albuminuria in young men do not represent 
a true nephritis, but are associated almost exclusively with bad mechan- 
ical use of the body. In certain cases, such as poliomyelitis, one must 
be satisfied by bringing about a compensation in the same way as with 
an organic heart lesion. In other cases, a complete correction may 
be brought about by restoring proper bodily mechanics, 

Reijs has noted the effect which the attitude of the head and of 
the cervical spine has on the tonus of the fingers. This is a reflex action 
which can be demonstrated in decerebrated animals. 

ARTHRITIS 

The Nature of Arthritis . — In trying to construct a working hypo- 
thesis as to the cause of arthritis, Pemberton considers it safe and 
certainly more reasonable to assume that a variety of factors may 
induce the substratum. These factors may be various types of infec- 
tion, exposure to wet and cold, chronic intestinal conditions of which 
we have only imperfect knowledge, and the even more obscure internal 
glandular disturbances. The substratum is partly illustrated by a 
lowered sugar tolerance, which has been shown to accompany this 
disease almost invariably. 

[Ed. Note. — We have in an earlier report of progress commented 
on Pemberton’s work, which we believe is of exceptional merit. His 
method of attack seems most likely to succeed, and we find ourselves 
in heartiest accord with his belief that, considering the data now in 
hand, it is in the domain of physiology that the explanation of this 
disease is apparently to be found.] 

Classification of Arthritis . — Pringle considers that the differentia- 

tions and classifications of chronic arthritis suggested by Charcot, 
Goldthwait, and others, are unsound from a pathologic and etiologic, 
and even from a clinical aspect. Clinically, he recognizes two types 
of chronic arthritis : those which lead to ankylosis, both fibrous and 
osseous, and those which lead to ankylosis by deformity or locking- 
Pathologically, there are also two types, the inflammations and the 
degenerations. oBetween these, there are all gradations, and frequently 
both types are combined. He is, in general, in accord with Nathan s 
conclusions, and he quotes him as saying that, although a tooth or tonsi 
may be the portal of entry, when the micro-organism has once entere 
the blood stream, its connection with the portal of entry ceases. If ® 
focus exists finally in the joint structures, it not only may cause oc 
damage, but it also may sow general infection and metastases. 
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[Ed. Note. — Pringle, as a matter of fact, recognizes the two great 
types as does Goldthwait, and lie is in still closer accord with the 
classification of Nichols and Richardson. Nearly all observers recog- 
nize the type called by Goldthwait the infectious, and sometimes the 
atrophic, type, and designated by Nichols the proliferative or ankylosing 
type, which, unchecked, leads to fibrous or true osseous ankylosis. 
Pathologically, this is the inflammatory type; etiologically, the infec- 
tious or toxic type. There is also general recognition of the second 
great type, the hypertrophic of Goldthwait, and the degenerative or 
nonankylosing type of Nichols and Richardson. Pringle says that 
this type leads to ankylosis by deformity and locking. The joint sur- 
faces become irregular and may intermesh to such an extent that 
they become somewhat locked. They may become more or less fixed 
in positions of deformity, but we believe that they almost never become 
ankylosed, except occasionally in the spine, and that they are always 
associated with a certain amount of bony overgrowth, which made 
Goldthwait speak of them as hypertrophic. We think Pringle is wrong 
when he says that these two great types are frequently combined. The 
clinical pictures are sometimes confusing, and occasionally, in a case 
in which the fires of an ankylosing or infectious arthritis have burnt 
out, the patient may, in later life, develop Heberden’s nodes or a morbus 
coxae senilis. By the same token, a case of degenerative arthritis may, 
while this form is still slowly progressing, have some focal infection 
which will cause the other type to become active. We still believe, 
however, that the two types are, clinically, entities and separate 
diseases.] 

Group Study of Three Hundred Cases of Arthritis. — Harding has 
studied a group of 300 cases of arthritis in a U. S. Army hospital, at 
Camp Lewis, Washington. In 89 per cent, of the cases some infectious 
process other than that in the joints themselves was found and treated; 
but Harding is not at all convinced that the particular germ present in 
the tooth or tonsil is necessarily the sole causative factor. The blood 
cultures were all negative, and 90 per cent, of the men had had an 
attack earlier in life. Harding thinks this 'finding calls for a most 
thorough and painstaking removal of all sources of infection in the 
arthritides of childhood, in order to avoid the attacks of later life. The 
routine treatment was rest, free catharsis, and the splinting of painful 
joints. The results of the injections of nonspecific proteins were 
unfavorable in the seventeen cases in which they were tried. 

The Colon and Other Foci of Infection in Chronic Arthritis . — 
Bassler reports forty-five cases of polyarthritis. In thirty-five, focal 
infections were found and removed, and in ten no focal infections 
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could be discovered. None of'the patients received any apparent bene- 
fit for their joint condition. , Careful examinations of the blood and 
stools were made. The sedimentary bacterial growths were grown 
anaerobically and aerobically with animal inoculations. Forty-four of 
the cases showed instances of chronic intestinal toxemias, thirty-four 
saccharobutyric in type, two indolic, and eight mixed. . The patients 
were then treated by diets suitable to their toxemias and by vaccines, 
for at least five months, with directions to continue the diet for a year 
longer. Bassler thinks that there is no possibility of a cure in the true 
sense, but there is a possibility of definite benefit. There is good 
reason to believe that if attention is given to the colon as well as to 
other foci of infection early in the disease, many patients will be saved 
the after effects of chronic joint deformity and invalidism. 

Newcomet suggests that chronic intestinal disease offers an expla- 
nation for many cases of arthritis of the spine, especially in middle 
aged persons. He cites Pemberton’s work as also suggesting this 
causal relation. ' 

Chapman reports twenty-one personally observed cases of chronic 
arthritis in which distant foci of infection were removed; 76.2 per cent, 
of the patients showed improvement, 19 per cent, showed no 
change, 4.8 per cent, were worse after treatment. The most striking 
effects were obtained in the genito-urinary cases, though the treatment 
was long and continuous. Rapid recovery was the rule in the cases m 
which the teeth were the focus of infection. 

Bacterial Studies in Arthritis. — McMeans has isolated a single 
strain of Streptococcus viridans from the pus of a submaxillary abscess 
in a patient free from joint symptoms. In his studies of this organism, 
he discovered that it was of low pathogenicity and had a rather high 
invasive quality, possessing the ability to attack joints of rabbits and 
produce a chronic suppurative arthritis. This tendency to attack joints 
was not lost after a period of three months of artificial cultivation. 

Richards has taken blood cultures in 104 cases of chronic arthritis 
in which syphilitic and Neisser infections could be ruled out. Sttepto 
coccus viridans was found in fourteen cases. Joint and periarticular 
cultures were taken during an acute exacerbation of the disease m 
forty-four cases, and Streptococcus viridans was found in four cases. 
Streptococci were found in the feces, by the Gram stain, in forty-two 
cases and were isolated and identified as S', viridans in five cases. Com 
plement fixation tests with S. viridans were positive in sixty-eight cases. 
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No foci of S. viridans could be detected in twenty cases, but of these 
negative cases, eleven showed a positive fixation test. In seven out of 
nine cases in which a streptococcus was found in the stool by the Gram 
stain, but could not be identified, a positive complement fixation test 
with Streptococcus viridans was obtained. 

Nonspecific Protein Therapy in Arthritis. — Cowie has been favor- 
abl}’^ impressed with the results of intravenous injections of foreign 
proteins in arthritis. He believes they should be used in those cases 
in which failure to secure benefit from the removal of foci of infection 
has occurred, or in conjunction with attempts to remove the focus. 
Unquestioned relief from pain often follows protein therapy, even 
though the focus is not removed ; and, in addition to the improvement in 
the joint condition, the focus itself ceases to be active. As far as we 
know, foreign protein acts by combating infection. Acute and sub'acute 
processes that have not progressed beyond the first year, without struc- 
tural change, are the ones which give the best results. Next to these are 
the cases which may show some structural change, but no ankylosis. 
Typhoid vaccine or a standard stock vaccine may be used. From one 
to ten injections, given at intervals of twenty-four or forty-eight hours, 
will demonstrate whether benefit is to be received. No anaphylactic 
phenomena accompany these injections, even though a second course of 
treatment may be instituted after an interval of several months. 

Second Great Type of Arthritis. — Ely includes under this term 
osteo-arthritis, arthritis deformans, hypertrophic arthritis, degenera- 
tive arthritis, and metabolic arthritis. He considers that this form 
has two distinguishing clinical features: (a) bone production (lipping 
or spurring) at the joint line, and (b) absence, except in spinal involve- 
ment, of union between the bone ends. Its main pathologic feature is 
the presence of an aseptic necrosis in the bone near the articular surface. 
This he thinks is the primary change, and the changes in the cartilage 
and the bony proliferation follow this. Ely thinks that the primary 
cause, in the great majority of cases, is infection in the alveolar pro- 
cesses of the jaw. Trauma is effective only as an added insult to a 
joint already diseased. This is called senile arthritis merely because 
elderly people are more prone to it, as they are to alveolar infections. 

[Ed. Note.— We wish we could be as convinced as Ely seems to be 
that alveolar infections represent the usual important etiologic factor. 
His report of cases is impressive and his microscopic study very valu- 
able, but we have not been so successful as he in finding foci in many 
of these cases.] 
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Tubby/® writing on senile painful hip, states that there is a focus 
of toxemia in the jaws in 75 per cent, of the cases. Intestinal, gall- 
bladder, tonsillar or middle ear foci are found in the remainder. He 
believes that a direct or indirect trauma to the joint results in the 
localization in the hip. His treatment, after the foci have been 
removed, is to relieve intra-articular pressure by recumbency for from 
four to six weeks, with traction on the limb. Every day the hip is 
moved passively five or six times. When the patient is allowed to be 
up, he applies a special caliper splint, with a pelvic girdle and a drop 
catch at the knee. For cases not thus relieved he advises excision of 
the head of the bone, with section of the adductors, to allow the limb 
to be immobilized in complete abduction. 

Gentian Violet in the Treatment of Purulent Arthritis. — Church- 
man believes that pyogenic arthritis due to Staphylococcus aureus 
or to the pneumococcus may be cured with the retention of joint 
mobility, by his method of joint lavage and staining with gentian violet. 
Whether the joint in this form of infection should ever be opened, 
unless the infection has become largely extra-articular, he doubts. 
Churchman is a little more guarded in his statements concerning gonor- 
rheal arthritis, but he believes that the clinical course of the cases 
treated warrants the belief that lavage and staining offer a method of 
controlling the disease. 

Acute Arthritis in Infants. — Johnson,^® studying seventy-three cases 
of acute arthritis in infants, concludes that it is not a very rare condi- 
tion, but serious in nature and usually secondary to an infection of 
the epiphysis. It may spread to the periarticular tissues without 
affecting the joint proper. Clinically, there is marked swelling, tender- 
ness, redness and induration. Streptococcal and gonococcal infections 
are usually polyarticular; pneumococcal infections commonly affect only 
one or two joints. Fifty-three per cent, of his patients died, 9 per cent, 
were discharged improved, 38 per cent, were followed up and later 
reported well or greatly improved. The older the baby, the better the 
chance of recovery. 

PARALYSIS, ANTERIOR POLIOMYELITIS, SPASTIC PARAPLEGIA, ETC. 

Family Outbreaks of Epidemic Polionvyelitis. — Mulsow and Matou 
sek state that in all the widespread epidemics of poliomyelitis t e 
occurrence of several cases in one family, has been recorded m ^ 
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number of instances, although it is rare. Most often the disease has 
developed simultaneously in the different children. In one family of 
eleven children, there were four cases, two of the girls being affected at 
one time and two of the boys two weeks later. No source of infection 
was discovered. 

[Ed. Note. — This evidence, as far as it goes, suggests that the 
infection is not usually from contact of one child with another, but 
simultaneous exposure from human or other contact. And if not 
from one child to another, is it not more probable that other than human 
carriers are ' the common sources of infection In the exanthemas, 
human contact contagion is so often and so positively suggested that the 
burden of proof must be on those who suspect a nonhuman carrier. 
In poliomyelitis, the evidence of human contact contagion is so doubt- 
ful and rare that the burden of proof seems to be on those who main- 
tain that the human carrier is tlie common source of infection.] 

Treatment of Poliomyelitis . — Saethre emphasizes the importance 
of preventing deformity from the very earliest stage of the disease. 
At first, perhaps with the help of simple apparatus, all the muscles 
must be maintained in a completely relaxed condition, a passive repose. 
Especially important is it to avoid the over-stretching of the paralyzed 
muscles. No exercise until all pain, hyperesthesia, and Kernig’s sign 
have disappeared. 

Mackay maintains that every child surviving the acute stage of 
poliomyelitis can be assisted to regain muscle power. The cardinal 
points in treatment are: (1) anatomic rest ; (2) muscle reeducation as 
soon as the inflammatory process has subsided, which may be at the 
end of the first week; (3) maintenance of warmth of the limbs, 
massage and avoidance of fatigue and strain. 

[Ed. Note. — The author’s principles of treatment are similar to 
those entertained by the closest observers of our recent epidemics, 
except that the consensus of qualified opinion seems to suggest a longer 
period of rest than he imposes. Rarely does it seem wise to begin 
any muscle training before the second month.] 

Lovett points out the importance of recognizing weakness of the 
gluteus medius and maximus as a controlling factor in many limps fol- 
lowing poliomyelitis. Paralysis of the hip flexors and the abdominal 
muscles also causes limp. The gait should be most carefully anal)'zed 
before bone or tendon operations are performed below the hip, with the 
expectation of getting rid of the limp. Lovett deprecates the per- 
formance of serious structural operations on the foot when the chief 
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cause of the limp lies in the muscles of the hip and abdomen, without 
a clear statement to parents that, necessary as these operations may 
be, the limp \vill not be materially affected by them. 

Astragalectomy . — Sever has made an end-result study of 200 
cases in which astragalectomy has been performed. The study leads 
to but one conclusion : that the operation is not a panacea for all cases 
of calcaneus and “flatfoot,” and that it often fails to relieve the limp 
when the weakness of the hip or of the abdominal muscles coexists. 
As a result of this analysis, Sever feels that the operation is contra- 
indicated in the case of any foot showing lateral instability as the 
result of the paralysis of one single muscle group. It is as successful 
an operation as any for feet which are flail, or in those which have 
only one muscle group left. If the long flexors are active, varus is 
liable to develop later, and a bad weight-bearing position results. It 
is not an operation to be lightly advised or invariably performed for 
various foot deformities, but should be resented for older children 
and selected cases. 

Whitman comments on Sever’s article, maintaining quite properly 
that the operation cannot be fairly criticized when judgment is based 
on a group of cases in which it has been performed to remedy several 
types of paralysis. He believes that the operation should be uniformly 
successful in cases of calcaneus, and that only lack of attention to the 
proper mechanics and insufficient attention to the details of position 
and after-treatment can account for bad results. If a varus deformity 
develops, owing to the pull of the tibialis posticus or the toe flexors, it 
may be overcome by a transplantation of these tendons. 

Villard and Perrin describe the results of twenty astragalectomies 
performed to correct a vicious attitude of the foot, chiefly equinovarus. 
They believe these results surpass those obtainable by tendon or joint 


operations. 

[Ed. Note. — Both Sever’s and Whitman’s articles are valuable, the 
former as demonstrating that many poor results will follow astragalec- 
tomy unless the cases are carefully selected, and Whitman s as empha 
sizing the fact that astragalectomy was never devised to correct an) 
but a special deformity, and that meticulous attention to mechanica 
details and after-treatment must be given. If these conditions are me > 
we believe, as Whitman does, that the results will be all that is desire 
However, the very excellence of the results in properly selected cases, 
in which Whitman’s details have been carried out, has led many goo 


80. Sever, J. W. : Removal of Astralagus in Paralytic Feet, J- A. 
75:1200 (Oct. 30) 1920. 

81. Whitman: J. Orthop. Surg. 3:19 (Jan.) 1921. 

82. Villard and Perrin: Lyon chir. 17:36 (Jan. -Feb.) 1920. 



PROGRESS IN ORTHOPEDIC SURGERY 


225 


surgeons to extend the application of this procedure, and their bad 
results are tending to cast discredit on an operation which in these 
cases should never have been performed.] 

Pes CavMs. — Mayer has made a careful dissection of a specimen 
of pes cavus and believes that full correction of the deformity is only 
possible when the deep articular ligaments of the sole have been 
divided, especially the long plantar ligament. Simple fasciotomies are 
entirely insufficient. 

Pes Eqxtinns. — Gretsel points out that simple tenotomy is often 
insufficient to correct severe cases of equinus and reports perfect results 
from the following operative procedure: An incision is made in the 
midcalf, starting at the level of the head of the fibula, and running 
distally to the point at which the Achillis tendon becomes distinct from 
the muscle. The gastrocnemius is divided at this point, retracted and 
reflected upward. The soleus is now separated from its origin on the 
fibula and tibia, with careful preser\'ation of the nerves and vessels 
perforating the upper end of the muscle. The foot is now brought into 
dorsal flexion, and the gastrocnemius is turned downward again and 
retained by a few sutures. 

Causes of Success and Failure in Tendon Transplantation.—'Dunnf’^ 
in an extremely helpful article, emphasizes the fact that success in 
tendon transplantation depends on the possibility of reeducation of the 
transplanted muscle to perform its new function. When a single tendon 
has been taken to. replace one of its own group, success has been the 
rule. Groups of muscles, not a single muscle of a group, may be 
used to replace muscles of a different action, but when a single tendon 
has been taken from a group to replace one not normally in action 
with it, failure has often resulted. Dunn finds that the most con- 
sistent failure has resulted from transplantation of a single peroneal 
tendon to replace the tibialis anticus. Both the longus and brevis 
should be taken when this type of transference is undertaken. 

Spastic Paralysis; Staff el’s Operation (Neurectomy). — Gill®® 
describes the purpose of the preliminary treatment and after-treatment, 
the indications, and the technic of the so-called Stoffel’s operation or 
neurectomy for the relief of spastic paralysis. He has operated on 
thirty-two patients, some of Avhom haA'^e been obserA^ed for six years. 
The youngest was 3 years of age and the oldest 27. No ill results 
folloAved the operation in any case. The operations on the popliteal 
nerve for relief of contracture of the Achilles tendon have been most 
uniformly successful. The operations on the obturator ner\'’e have, 
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in all instances, corrected the adductor spasticity. The results in the 
hand, especially on the median nerve, have been more uncertain. Con- 
tractures may be overcome by this operation, but the amount of func- 
tional improvement depends on the nature and severity of the disease, 
on the mentality of the patient, and the careful, persistent after- 
treatment. '■ 

Tietze and Foerster report that resection of the obturator nerve 
has given excellent results in four cases of adductor spasm. They 
believe it advisable to resect the nerve within the pelvis at the point 
at which it enters the obturator foramen, rather than in the adductor 
triangle, where bleeding from the venous plexus, deep in that region, 
may be hard to control. In the pelvis it is still undivided; in the 
abductor region there are two branches. 

Leri and Gay call attention to a form of spastic paraplegia prone 
to follow abortive epidemic encephalitis. 

De Stefano reports five cases of spastic paraplegia occurring in 
two families with syphilitic taint. He urges intraspinal, antisyphilitic 
treatment before degenerative changes have occurred. 

Paralysis of the Iliopsoas . — Eberstadt has found Ludloff’s symp- 
tom of great value in diagnosing cases of isolated paralysis of the 
iliopsoas. When the patient is sitting upright on a table with the knees 
extended he is unable to raise his leg unless the iliopsoas is active. In 
that position the other flexors of the hip, the sartorius, the rectus, ’and 
the tensor fascia femoris, are thrown out of action. 

Tendon Transplantation in Radial Pamlysis . — Achard and Jarkow- 
ski report excellent results from extensive transplantations after the 
manner of Jones and Starr,®® in cases in which irreparable damage 
and failure of repair of the radial nerve have occurred. They admit 
that these results are inferior to those in which radial continuity and 
subsequent repair have occurred, and council against the performance 
of these transplantations until every hope of this regeneration must 
be abandoned. They state that, when conditions are favorable, the 
central stump grows toward the periphery at the rate of 1 or 2 mm. 
a day. -The integrity of the median and ulnar nerves must be com- 
plete before any transplantation operation is attempted. They advocate 
shortening the extensor tendons in the forearm, thereby avoiding an 
incision on the back of the hand, and lessening the danger of adhesions. 
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TENDON, BONE AND JOINT SUKGERY 

Heterogenous Tendon Graffs . — Durand calls attention to the wide 
field for tendon implants which Nageote and Sencert (and he should 
have said Gallic) have opened up. The twm former investigators believe 
that tendons taken from the embryo in utero of a cow are peculiarly 
adapted for grafting work, and that the fibrous portion of the tendon 
is all that is needed for the implant. The cells of the living organism 
into which the tendon is implanted grow into this fibrous framew'ork 
with great ease. In preparing the irnplant, it is slightly stretched on a 
glass rod by means of threads passed through each end, and placed in 
90 per cent, alcohol and sealed for ten days. The alcohol is now 
changed to 60 per cent, and the tube sealed anew, ready for use. They 
have used tendons thus preserved for seventeen months and have found 
them entirely satisfactory. Before the tendon is used, the alcohol is 
rinsed out with tepid artificial serum; the implant is sutured in place 
with fine catgut, and the limb is immobilized in plaster to relax the 
tendon. In Sencert’s thirty-five grafts, the implanted tendon was 
never cast ofif. 

Jaliper®® also reports no failure in five cases in which implanted 
tendons from calves and dogs, removed from six to fifty days pre- 
viously, had been employed for repair of hand tendons. The function 
is fairly good or very good in all. 

Tenotomy . — Vulpius believes that simple tenotomy is not such a 
harmless operation as the textbooks would lead one to believe. Exami- 
nation of patients who have had section of the Achilles tendon performed 
frequently reveals improper length of the tendon, adhesions to sur- 
rounding tissue, etc. The Z-shaped, step-like tenotomy of Bayer injures 
also the gliding tissue, although overcoming some of the other dangers 
of simple tenotomy. Vulpius’ method of procedure, which has given 
him great satisfaction in section of the Achilles tendon, is as follows: 
An incision is made along the border of the gastrocnemius, w'here it 
becomes tendinous, and the muscle and tendon are exposed. Incisions 
are made in the flat tendon with a V-shaped apex dowmw^ard. A bit of 
the tendon running into the muscle belly is divided, the foot dorsally 
flexed to the desired angle, and the fascia and skin closed, wn'thout any 
sutures being taken in the muscle or tendon. 

Dupuytrcn^s Contracture. — Momburg®’ is in favor of conservative 
treatment of Dupuytren’s contracture, in contrast to the more recent 
literature on the subject. In early cases, he has found persistent 
stretchings carried out by the patient to be efficient. In the more 
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advanced cases, he makes subcutaneous incisions of the prominent 
bands and has never been obliged to resort to the radical procedures 
which he considers dangerous to future function. 

Repair of Lateral Ligaments of the Knee. — Edwards,®® impressed 
by the success of two war cases of instability of the knee, describes 
the operation which he worked out on the cadaver. He believes that 
the function of the collateral ligaments is more important than that 
of the crucials, and that if these lateral ligaments are strong and tight, 
satisfactory function results. The operations are performed with the 
knee slightly flexed. In repairing the external lateral ligament, a lateral 
vertical incision is made and a rectangular flap from the fascia lata about 
3 inches long is turned down. A similar flap of the deep structures, 
chiefly the tendon of the biceps left attached below, is defined, and 
pulling the fascial flap down and the tendon flap up, they are implanted 
into grooves in the condyle of the femur and the head of the fibula, 
fixing them with staples. For the internal or mesial ligament, a vertical 
incision is made over the mesial condyle, exposing the sartorius and, the 
tendons of the gracilis and semitendinosus. These are separated from 
the condyles, pulled forward, and divided at the level of the condyle. 
The distal portions of the tendons are stitched together, and they are 
together implanted into a groove in the condyle of the femur and fixed 
under tension by a staple. The deep structures are sutured over them. 
The proximal portions of the tendons are stitched to the sartorius in 
order to preserve the function of the semitendinosus and gracilis. The 
sartorius is- drawn well back to preserve the normal line of pull, and 
the wound is closed. 

De Frenelle®® reports similar procedures, using heterogenous tendon 
grafts in addition, if they are required in case of actual luxation. 

Transplantation of Bone . — Leriche and Policard,^®® after extensive 
stud)’- of the fate of implanted bone, assert that the term “graft” cannot 
be applied to transplantation, because the implant inevitably loses its 
individual vitality. All bone transplants die. A fresh autotransplant 
provides the best material for regeneration when embedded in receptive 
tissue. Bone does not form well when there are great numbers of 
polymorphonuclear cells, in other words, in the presence of pus. The) 
believe that the bone marrow of the implant plays no appreciable part 
in the regeneration. If the surrounding tissues are fibrous and avas 
cular, there will be no reconstruction of bone. The reconstruction 
occurs by new intrahaversian formation, and, in the case of bone 
periosteum transplants, takes from twelve to fifteen months. Function 
of the limb, as soon as absorption has begun, is the best stimulus to 
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regeneration. ■ Their best results in treatment of pseudarthrosis of the 
tibia were in two cases in which weight bearing was allowed a month 
after the implantation. They consider it a biologic error to implant 
a hard solid bone in the hope of securing a stronger support. Slightly 
compact bone with the periosteum well contacted, is best fitted for the 
role it must play, the aim being to assure the absorption of the trans- 
plant in the shortest possible time. Implantation into spongy bone is 
much more likely to succeed than implantation into compact bone. Their 
conclusions are based on the ultimate outcome in nineteen cases. Bone 
periostum transplants can be successfully employed in gaps of from 12 
to 15 cm., but in gaps of this length they believe it wiser to make use of 
a collection of bone-periosteum slices rather than a single block, except 
when the temporary support of a more solid graft is needed, as tvith 
the humerus or the femur. They look favorably on the implantation 
of previously prepared dead spongy bone, and believe the failures of 
the method have resulted from the employment of too hard and com- 
pact dead implants. 

Cotte also urges the bone-periosteum grafts as a routine, reserv- 
ing the Albee transplant for very extensive defects. Like Leriche in 
the pervious article, he is impressed by the abhorrence which bone 
implants have for metal plates and wire. 

Eloesser,^®^ in an extremely judicial and careful article, discusses 
the employment of autotransplants of the ribs, basing his report on a 
series of twenty-two cases. He adopted the rib because it possessed 
certain theoretical advantages. It has a thin cortex and a large pro- 
portion of spongy tissue, lending itself to rapid absorption. Gallic 
and Robertson have shown that the process of absorption takes 
place more rapidly than the process of replacement. Therefore, the 
denser cortical tibial implant would be more suitable in cases in which 
stress and strain exist. No special instruments are required for removal 
of the rib. It can be readily cut and bent, and pierced with a needle. 
The supply is unlimited and the patient is not exposed to any risk of 
subsequent fracture. Eloesser’s technic is to remove the rib with its 
periosteum, split it, and wrap it about the freshened bone ends, retain- 
ing it with kangaroo tendon passed through drill holes. His con- 
clusions are: 1. Rib implantation is a feasible procedure. 2. The 
viability of the rib implants is great, even in the presence of suppura- 
tion, and the}' are more likely to survive in the presence of infection 
than more massive implants. 3. They are more rapidly absorbed. 
4. They hypertrophy slowly. 5. They are prone to refracture (seven 
out of twenty-two cases). 6. They are not so useful as tibial implants 
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for the repair of large defects or when the implant is to be put under 
strain. 7. They are particularly useful when no great demand is to be 
made on the strength of the implant, as in repair of the bones of the 
skull and in facial plastics. 8. In twenty-two cases there were three 
failures, six partial successes, and thirteen successes, 

Hamilton, in cases of pseudarthrosis, implants his grafts under 
traction, cutting the proximal and distal ends on a bevel. The receptive 
channel is also prepared with overhanging edges and the implant sprung 
into place while traction is exerted on the limb. Greater firmness and 
better contact are the advantages of the method. 

Magnuson employs bone keys of ivory in fixing bone ends on 
account of the great strength of the ivory, and its slow but sure absorp- 
tion and nonirritating qualities. After preparing with twin parallel 
saws a key way passing down into the medulla, a hole is drilled at each 
end. The ivory key is driven firmly into the key way and held in place 
by ivory screws passing at right angles to the key. 

Shoulder Defects . — Albee calls attention to the helpless condition 

in which patients who haVe suffered defects of the upper portion of 
the humerus are left, and the comparative frequency with which these 
cases are met. The surgeon must decide in the individual case whether 
'an attempt should be made to preserve and perhaps increase motion 
between the scapula and the humerus, or whether an arthrodesis would 
result in more useful function. If motion is to be sought for, this 
motion must be controlled by muscles, else it is of less advantage than 
complete ankylosis between the scapula and the humerus, and the well 
controlled motion of the scapula is made available to move the humerus 
as well. In attempting to provide a movable scapulohumeral joint, 
Albee employs the head and a small portion of the shaft of the fibula, 
driving it for the length of an inch into a drill hole in the humerus, 
which may need to be split as well, if the circumference of the fibula 
is considerable. Albee emphasizes the importance of stitching the 
rotator 'and elevator muscles of the shoulder to the humerus and fibula 
implant in as nearly normal position as possible. If ankylosis is the 
end sought, he employs two fairly large and strong grafts in a sort of 
truss work, one from the humerus into the acromion and from the 
glenoid to the humeroacromial graft. These grafts are firmly an 
accurately fitted into their host bones, while the arm is held in the exact 
position the operator desires to maintain. The most favorable position 
is considered to be with the humerus elevated anteriorly and ro a 
so that the hand is brought in front of the face. 
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Nonunion of the Humerus . — Henderson reviews forty-one cases 
of pseudarthrosis of the humerus, finding the common cause to be 
imperfect immobilization in ambulatory splints. He advocates the use 
of the massive graft on the basis of his comparative results and because 
more endosteum to endosteum contact is thereby obtained. He thinks 
the medullary graft unsound in principle. His results show 85 per 
cent, of good results from the massive graft (fibula?), 70 per cent, 
from the inlay, and 50 per cent, from the intramedullary peg. 

Ankylosing Operations on the Spine . — Polya has been employing 
with satisfaction a modification of Albee’s method of inserting a spinal 
graft. The erectores spinae on one side are dissected from the spinous 
processes which are divided as near their bases as possible. Still attached 
to the muscles on the other side, they are turned back, and the bony bed 
smoothed for the reception of the graft. The spinous process muscle 
flap is then adjusted over the graft, and the fascia and skin sutured. 
The technic is simple, and the graft, well contacted, is brought nearer 
the laminae thereby. 

Forbes describes his method of ankylosing portions of the spine, 
chiefly in selected cases of scoliosis, not claiming that it represents the 
perfection of Hibbs’ operative technic, but maintaining that it thoroughly 
accomplishes its purpose. In the dorsal region, the spinous processes 
and laminae are exposed and so gouged by a concave chisel that their 
cortical layers are separated from the medulla beneath. A series of 
bone chips and fragments of periosteum are pried up along the superior 
and inferior borders of the laminae and made to interdigitate with 
one another. In the lumbar region, the spinous processes are split 
vertically into several thin slices, and bent upward and downward and 
to the sides, meeting each other and osteoperiosteal chips from the 
laminae. Forbes aims to create a veritable forest of bone chips. The 
plaster jacket applied in the best possible position obtainable is worn 
for six months. 

New reports fifteen operations in which he has employed boiled 
beef bone as the inlay for ankylosing a portion of the spine in cases of 
Pott’s disease. He says the results are satisfactory as far as he knows 
them. The operative technic is that of Albee. The graft was retained 
in all but one case. This patient got out of bed the second day after 
the operation and the wound was split open, with subsequent infection. 

[Ed. Note. — After a rather extensive experience with this method 
(thirty cases) and a careful study of end-results at the orthopedic 
clinic .of the Massachusetts General Hospital, Brown considers the 
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value of this operation as still sub judice. The graft is always well 
tolerated; it splints the spine quite firmly at first, if it is accurately 
placed and retained, and it absorbs very slowly, but the living bone of 
the host seems to replace it slowly also, one may almost say rather 
reluctantly. It has been recovered a year and a half after insertion, 
almost unchanged, lying without irritation, but without fusion to its 
bed. Its use has many advantages, but our impression is that it cannot, 
in a certain proportion of cases, be counted on to fix, firmly and 
permanently, the vertebrae info which it is implanted, and that some 
form of fusion operation is necessary in addition. It may well prove 
a useful, nonirritating temporary splint favoring early fusion, . and 
affording immediate fixation. Experiments on animals now in progress 
will confirm or refute this impression.] 

Ankylosis of Sacroiliac Joint. — Hertz describes a method of 
immobilizing the sacroiliac joint by driving a bone peg into it across 
its articular surfaces. He has employed the method in three cases of 
suppurating and in one case of nonsuppurating sacrocoxalgia. The 
implant healed without irritation. 

[Ed. Note. — It is quite possible on the cadaver, as Hertz says, thus 
to immobilize the sacroiliac joint by driving a bone peg through it. 
We doubt the permanence of this immobilizing procedure, however, in 
the living subject, since the peg traverses an articular space. The 
procedure of Smith-Petersen seems to us to be better conceived. He 
gains access to the sacroiliac joint by removing a carefully preserved 
rectangular plug of bone from the ilium, running at, right angles to the 
joint. He then denudes the joint of cartilage, continues his window 
into the sacrum, and drives the plug of bone into it, setting it like a 
nail beneath the surface of the ilium. He has performed this operation 
twelve times, with almost complete success. A fuller report will he 
made in a later report of progress.] 

Transplantation of Fibula for Large Defects in Tibia. — Brandes 
reports four cases of transplantation of the fibula into the tibia for 
large defects. If the defect reaches into the tipper tibial epiphysis,' he 
transplants the whole head of the fibula with the shaft, for purposes of 
growth. The upper end is transplanted first and then the lower, leaving 
the external malleolus, but bringing it in contact with the transplante 
shaft. He counsels leaving the fibula longer than the apparent defect, 
as it sinks well into the spongy medulla of the tibia. 

[Ed. Note. — It will be remembered that Stone, Codman, Carnpbe , 
MacAusland, and Wood have all reported similar successes, the fibua 
hypertrophying quite rapidly, finally attaining almost the size of a nor 
mal tibia.] 
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Arthroplasty. — Payr'^^^ reports a case of bony ankylosis of the hip, 
associated with partial fibrous ankylosis of the knee, ankle, and elbow. 
Arthroplastic operations were performed on all the joints with success. 

Putti epitomizes his experience with arthroplastic operations on 
the knee and thus emphasizes what he has grown to consider the 
essentials of the procedure. 1. Complete removal of all intra-articular 
structures isjiepc^sary. 2. Operation too soon after acute inflammation 
sp^VK "^.'^n joints ankylosed as a result of Neisser infection 

the postoperative treatment should be very gentle. A longer time is 
required in these cases for good results. 4. The knee on which the 
operation has been performed usually remains larger than the normal 
knee. 

Osteochondritis Dissecans . — Rieger agrees with Koenig and 

Axhausen in regard to the pathogenesis of osteochondritis dissecans, 
believing that an actual dissecting process takes place, and combating 
the contention that an actual single or even repeated trauma mechan- 
ically expels the bit of bone. The opinion which Rieger upholds is that 
of an actual fat embolism in the tiny end arteries of the lower end of 
the humerus and femur and the ends of other long bones. Fat embolism 
of these arteries has been observed at necropsy. In adults, these end 
arteries run in fat cells, in growing children, in connective tissue ; and 
Rieger believes this, conception of the pathogenesis of the condition 
explains the absence of the condition in children. 

Kappis believes, on the other hand, that the affection is always 
of traumatic origin, although he admits that apparently the blow is not 
always sufficient to cause immediate disruption of the fmglhent into the 
joint. He thinks that loose bodies in joints usualK-x^e derived from 
marginal proliferations or pieces of articular cprfilage, and are of an 
arthritic nature. The bony tissue becomes nectotic, the marrow remains 
intact, and the hyaline cartilage is transformed into fibrous cartilage, 
continuing to grow without perichondrium in a way similar to that of 
experimental growth of tissue in nutritive fluid. 

Axhausen believes also that in the so-called osteochondritis dis- 
secans, trauma is the important element ; but he thinks the separation 
takes place slowly. The particular trauma which causes it is generally 
a blow on the cond 3 des of the femur, with the knee flexed. In the cases 
in which operation had been performed soon after a trauma, and the 
separated bone found, the microscopic findings suggest a process ante- 
dating by a long time the last trauma. In his own case, the process was 
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113. Putti: J. Orthop. Surg. 2:530 (SepL) 1920. 

114. Rieger: Munchen. med. Wchnschr., June 15, 1919. 

115. Kappis: Deutsdi. Ztschr. f. Oiir. 157:214, 1920. 

116. Axhausen: Deutsch. mod. Wchnschr. 45:825 (July 22) 1920. 



234 


ARCHIVES OF SURGERY 


almost entirely one of resorption with very active connective tissue and 
giant cells eroding the surface of the necrotic bone. In this case, the 
body was found free immediately after a trauma, and the casual observer 
would have considered it the immediate result of the last injury. 
Axhausen ventures the hypothesis that the dissecting process may be 
due to an embolus, perhaps a tuberculous one. A trauma only com- 
pletes the separation. 

Derangements of the Semilunar Cartilages, — Strahlmann and 
White, reviewing the histories and operative findings in about sixty 
cases of derangement of the similunar cartilages of the knee, consider 
the most reliable diagnostic signs to be ( 1 ) a traumatic history, with 
recurring symptoms of disability; (2) definite localized pain or tender- 
ness; (3) locking; (4) sense of derangement or feeling of insecurity; 
(5) swelling. They believe that the simple untorn hypermobile cartilage 
is an entity more common than fracture, and that it requires surgical 
intervention. Excision should be as complete as possible under perfect 
asepsis. The prognosis should be more or less guarded in cases of 
long standing, especially in those in which at operation the cartilage 
is found lacerated or comminuted. The reason for this is that sec- 
ondary joint changes have occurred and are not always relieved by the 
removal of the original cause. 

Jacobs and Worms think that if a dislocated cartilage can be 
immediately reduced, and the limb immobilized and massaged while the 
patient practices voluntary exercises of the quadriceps, most patients 
fully recover. They have analyzed the results in 200 operative 
cases and believe the operation of meniscectomy entirely satisfactory m 
actual crushes or fractures of the cartilage or in the presence of recur- 
ring symptoms. Resection of small portions of the cartilage often fails 
to relieve. 

Terracol and Colaneri have injected air directly into the knee 
joint, following injuries from which damage to the semilunar cartilages 
was suspected. They feel that they are able to detect fractures an 
tearings by this method in the roentgenograms, confirming their clinica 


findings. 

[Ed. Note. — We feel that lesions of the semilunar cartilages do no*^ 
usually present great diagnostic difficulties. At least, the advisabi i y 
or nonadvisability of operative ejyjloration is usually easy to determin^ 
We should doubt the wisdom of injecting air into a recently 
joint for the sake of possibly obtaining preoperative information, n 
exploration will more surely reveal.] 


117. Strahlmann, L., and White, J. W. : Derangement of Semilunar Cartilag 
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PERIPHERAL NERVE INJURIES 

Reviews of Peripheral Nerve Injuries . — Stuckey emphasizes the 
importance of reconstructing the original injury in an effort to evaluate 
the benefit likely to be derived from operations looking to the return 
of peripheral nerve function, and also for the purpose of diagnosing 
the existing type of injury to the nerve. In charting the sensory find- 
ings, it is not enough to use the terms epicritic and protopathic, but 
the type of stimulus used and the response thereto should be given. 
In examining for light touch, longitudinal, not transverse, strokings 
should be made, else confusion is probable. Stuckey states that the 
dorsal surface of the terminal phalanx of the thumb is the only area 
exclusively supplied by the radial nerve. In examination for return of 
voluntary motion, he pleads for estimation by sight and touch of indi- 
vidual muscle action as opposed to group action and motion of joints. 
The risk of being deceived by trick movements is thus materially 
lessened. The author recommends early and extensive nen^e explora- 
tion in the majority of cases, but advocates great conservatism in suture, 
etc., until all facts as to late results are weighed. 

In studying the true end-results of operations on the peripheral 
nerves, Thorburn urges the recorder to group under headings what 
he means by restoration, that is, anatomic, physiologic, or economic 
restoration. The completeness of recovery of a divided nerve, Thor- 
burn believes, is proportionate to the accuracy with which the individual 
fibers of the central or motor cable are approximated to these same 
fibers in the peripheral segment, and when there has been hopeless 
entanglement of motor, sensory and trophic filaments, there must be 
corresponding physiologic failure and confusion. When operative 
technic is accurate, good results may apparently be expected in about 
50 per cent, of the cases (from one-third to two-thirds), but a perfect 
neurologic result is almost never attained. The chances of recovery are 
better when the small muscles do not have to be reenergized, and when 
the given nerve is of an almost purely motor or sensory type. The 
nearer the section is to the spinal cord, the better the prognosis. In 
the upper limb, the radial nerve is an easy first in its power of recovery, 
the median a bad second, and the ulnar a very poor third ; but it is 
interesting to note that the absence of ulnar power sometimes cripples 
the hand very little. A surgeon who obtains 50 per cent, of really 
good economic recoveries after secondary nerve suture must be doing, 
according to our present standards, first-class work. 

Sargent points out the many factors which, in war wounds, mili- 
tate against complete recovery from nerve suture. The most important 
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of. these are the concomitant vessel, muscle, tendon, and bone injuries, 
complicated by sepsis, which in many cases have resulted in an intra- 
neural fibrosis, ascending and descending, and opposing the advance of 
the down-growing axons. End-results are of value only as they record 
the effect of end-to-end suture, carried out by skilful operators. 
Apparently the results are as good after secondary suture as after 
primary suture, other things being equal. Sargent, in conclusion, dis- 
cusses the relief of causalgia by alcohol' injections, section and resuture, 
and division of the sensory roots. 

Forrester-Brown’s study of end-results of operations on peri- 
pheral nerves is based on 643 cases of nen'-e injuries observed at the 
Edinburgh War Hospital. The basis on which these were studied was 
(a) capacity for work, and (b) degree of recovery after neurolysis and 
suture. In 237 cases of suture, 12 per cent, of the patients are at 
ordinary work, 35 per cent, at light work, and 15 per cent, at heavy 
work. In 187 cases of neurolysis, 80 per cent, of the patients are at 
ordinary work. In eighty-one cases of tendon transplantations, 23 per 
cent, of the patients are at ordinary work, and 36 per cent, at light 
work. As- to recovery after suture, of 158 patients, 28 per cent, 
showed complete motor return, 19 per cent, complete sensory return 
and 21 per cent, complete trophic return. Fifty per cent, showed 
incomplete return of all these functions. Total complete recovery of 
all functions was found in only five of the median cases, and in eight 
of the musculospiral. Three nerve grafts were explored because of 
lack of improvement. The graft could with difficulty be recognized, 
embedded in scar tissue, and of small caliber. There was no reaction 
to the faradic current. In 117 cases of neurolysis, 42 per cent, of the 
patients had full motor and functional return and 19 per cent, full 
sensory return. The early functional improvement after tendon trans- 
plantation w'as impressive and satisfactory. As a result of this study, 
the author believes that Tinel’s sign should be discredited as an index 
of progressive recovery, and that the degree of recoverability is not 
dependent on the length of time which has elapsed between injury an 


suture. , 

Corbett makes the interesting statement that in 100 cases o 
nerve injury from war wounds, 60 per cent, of the patients recovere 
without operation. He has accepted as the indication for exploratory 
operation three months of lack of improvement under proper conserva 
tive treatment, splinting, etc. In perforrhing the operation of neuro 
lysis, Corbett believes that it is very important to make fine longitu in^ 
incisions into the nerve itself as well as to free it from surroun ing 
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tissue. An internal keloid was demonstrated in several of the cases. 
Fat and muscle beds are considered to be most suitable as locations for 
the restored nerve. 

Pollock had an opportunity to make a bed to bed observation of 
cases of nerve injury in the hospitals of the American Expeditionary 
Forces. The striking feature was the very great percentage of improve- 
ment without operation. He estimates that there were 10,000 cases of 
nerve injury among our forces, and of that number only about 3,000 
came to be classified as such in the reports of the Surgeon-General’s 
office, indicating that approximately 66 per cent, of the patients had 
recovered sufficiently before they returned to America to be no longer 
classified as nerve cases. He estimates also that not more than 14 per 
cent, came to operation^ These figures are not far from Corbett’s 
estimate in the previous review. Like Forrester-Brown, he believes 
that Tinel’s sign of tingling on distal tapping is not to be depended 
on in prognosis of recovery after suture. The duration of the paralysis 
without signs of beginning recovery is the best indicator by which to 
correlate the questions of physiologic and anatomic interruption. 

Harris reports the success of an operation to relieve a median 
anesthesia of the fingers. The lesion was distal to the muscular branches. 
The anesthesia was very troublesome, preventing the man from button- 
ing his coat, etc., and causing numerous burns. An anastomosis of the 
radial nerve into the distal portion of the median was performed. 
Sensation returned slowly, but the return was finally complete. 

Barling reports a case of a bad wound of the root of the neck 
with extensive injury to the brachial plexus. This was followed by 
almost intolerable pain in the arm for more than a year, apparently 
due to involvement of the plexus in the scar. For relief of the condi- 
tion, complete intrathecal division of the fifth, sixth, seventh, and 
eighth cervical, and the first and second dorsal spinal roots was per- 
formed. The relief was immediate and permanent. 

OSTEOMYELITIS 

Bone Necrosis and Suppm'ation . — Ritter takes issue with the 
textbooks of patholog}’- and surgery, which nearly all teach that suppura- 
tion causes bone necrosis, by maintaining that it is the necrosis which 
causes the suppuration. To support his contention of this sequence, 
he calls attention to the fact that, even in the early cases of osteo- 
myelitis, necrosis cannot be prevented by drainage operations. It is 
always present at operation and rarely increases. Suppuration of the 
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bone marrow need not necessarily exist. There are certain spots of 
predilection for osteomyelitis, which suggest that the necrosis is 
determined by the. arrangement of the arteries. In the growing child, 
as long as the epiphysis persists, the diaphyseal and epiphyseal arterial 
systems are almost entirely independent of one another, as the 
researches of Lexer and his pupils have shown. Although there is 
some collateral circulation, these arteries are to be considered func- 
tionally as end arteries. In the growing person, the amount of necrosis 
is determined by the arterial system, into which the bacterial embolus 
enters. In the adult, the epiphyseal and diaphyseal arteries communi- 
cate with each other much more freely, and the pictures of osteo- 
myelitis in children are very different from those in adults. If Ritter’s 
facts are true and if his reasoning is sound, the article has an important 
bearing on treatment. It would seem not only to be unnecessary, in 
many cases, to open the medullary cavity, but also to be dangerous to 
do so, unless necrosis within the cavity could be proved. He claims 
to have cured many patients . suffering from early osteomyelitis by 
single or repeated simple drainage operations, sequestration never 
occurring. Bier is quoted as having reached similar conclusions. 


[Ed. Note. — It will be remembered that in the fifteenth Report of 
Progress we commented on a collection of articles advocating con- 
servative rather than radical bone operations in early acute osteomyelitis 
on the basis of results obtained by these conservative methods. One 
of the editors has performed an operation in a case of early osteomyelitis 
attacking the tibia of a child. The abscess was evacuated by a free 
incision. The tibia, which was necrotic to a large extent, was not 


touched. The wound was closed without drainage as an experiment. 
Healing by first intention occurred, and no sequestration. Another 
of the editors has observed a similar case, also occurring in the tibia, 
following measles. In this case, a small opening into the bone near the 
upper end of the tibia had been made before the patient was seen. The 
roentgenogram revealed an involvement of almost the entire shaft, 
which appeared necrotic. There was no temperature or pain and very 
little discharge. The small opening in no way provided ample drain 
age for the shaft, but the case went on to complete reformation of t ^ 
tibia and complete healing, without further operation, except t e 
removal of a small sequestrum which was lying loose in the head ^ ^ 
tibia at the 'point at which the first opening into it had been ma e. 
We are not prepared to advocate such extreme conservatisrn as 
routine, but the cases seem suggestive in the light of Ritter s artic 

Clinical Considerations of Osteomyelitis . — Ochsner and 
review the gross and microscopic anatomy, physiology, and pat oo 
of bone as necessary to an understanding of the osteomyelitic proce 


129. Ochsner and Crile: Surg., Gynec. & Obst. 31:263 (Sept.) 1920. 



PROGRESS IN ORTHOPEDIC SURGERY 


239 


The conditions of blood circulation in bone make easy the formation 
of abscesses, because the nature of the tissue allows for no swelling, 
and surrounding inflammation and infarction result. These authors 
maintain that in acute cases the medulla should invariably be freely 
opened, and hot packs and dry heat should be subsequently applied. In 
well advanced severe cases, however, they believe surgical intervention 
should be confined to opening the periosteum throughout the whole 
area of infection. The use of hot packs and dry heat should follow. 
In chronic cases complete surgical obliteration of the cavity and removal 
of all sequestrums is the procedure to be followed, preceded by a 
search for all possible sources of focal infection elsewhere in the body. 

Kidner and Ryerson hold much the same views as to treat- 
ment as Ochsner and Crile. Ryerson has been pleased with the results 
of secondary closures in chronic cases in which, after “saucerization” 
of the cavity and Dakin-Carrel sterilization, a muscle and fat flap has 
been turned in. 

Heinemann describes his successful closure of bone cavities by 
the following technic: During the week preceding the operation the 
bone cavity is cleaned and thoroughly rubbed with tincture of iodin. 
The sinus is exposed widely through normal tissue if possible. The 
bone cavity is freely exposed so as to be accessible in all its extent. 
This cavity is next curetted and wiped out with tincture of iodin. The 
next step is to cover the soft tissue with wet compresses while the 
cavity is thoroughly dried by a hot air blower. The hot air vaporizes 
the iodin, enhancing its antiseptic qualities and thoroughly removing it 
from the cavity. A flap of fat tissue cut out of a suitable part of the 
patient previous to the handling of the cavity is now made to fill the 
sterilized cavity and the soft tissues closed in two layers over the fat. 
Three cavities of the humerus have been thus closed successfully. He 
attributes his success, as did Mosetig-Moorhoff, to the peculiarly careful 
sterilization of the bone cavity before, and at the time of, operation. 

AMPUTATIONS 

Corner calls attention to the great simplification of amputation 
operations which the unfortunately large number of war cases has 
brought about. Discarding the elaborate and varied textbook ampu- 
tations, he believes that in the lower limb there remain to be advised 
and practiced only (1) the Syme operation; (2) lower leg amputation 
4 or more inches (10 cm.) above the ankle joint with ample skin 
flaps; (3) amput.ation of the thigh with long anterior and short 
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posterior skin flaps, and (4) a new amputation through the neck of 
the femur. In the arm, (1) amputation of the forearm with equal 
skin flaps; (2) circular amputation of the upper arm, and (3) Spence’s 
amputation at the shoulder are practicable, 

Cathcarf^®* thinks well of the classical Chopart’s amputation in 
the foot and of . amputations through the knee joint. 

[Ed. Note. — Chopart’s amputation was found generally unsatis- 
factory by most surgeons during the war, and we see no immediate 
reason for passing over this experience, but amputations through the 
knee joint, which have also been somewhat discredited, may have 
become so because of lack of experience with them. It is generally 
agreed that in very high low'er leg amputations, the best prosthetic 
result can be obtained by flexing the short stump and bearing weight 
on the bent knee. Amputation through the knee joint is certainly a 
less shocking operation than bone section; and if the knee joint is 
infected, as it frequently is, this method of procedure avoids opening 
up new channels and provides drainage. It is possible that this mode 
of amputation should have a definite place.] 

Borchgrevink gives testimony to the value of excision of the 
fibula in all amputations below the knee. The method was employed 
during the war in the American Army, in all cases in which there were 
short stumps, and unquestionably it provides a better weight-bearing 
surface for an artificial limb, by making available the under surface 
of the external tuberosity of the tibia. 

Hockey reports a case of cinematization of the biceps tendqn 
of the arm by the tunnel motor method, in which an excursion of 
2 inches (5 cm.) and an ability to lift 75 pounds (34 kg.) w'as obtained. 
A satisfactory prosthesis was furnished the elbow, the motion of which 
was controlled by the opposite shoulder, while the fingers at rest 


kept open with a spring, can be closed by the biceps motor. 

Salomon has been employing with satisfaction a modification o 
Trendelenburg’s procedure for persistent pain and paresthesia following 
amputation. The nerve is exposed in the stump, its end covered wi i 
a thin lead pencil hood and frozen for four minutes. It is 
allowed to thaw, and the freezing process repeated once. Pain may 
be severe for a few days, but has been permanently relieved m ^ 
but two cases which were of the neuralgic type, suggesting a mor 


centrally located cause. 


.134. Cathcart: Edinburgh M. J. 25:281 (Nov.) 1920. 

135. Borchgreyink : Ann. Surg. 71:697 (June.) 1920. 

136. Rockey: Northwest Med. 19:209 (Aug.) 1920. 

137. Salomon: Deutsch. med. ‘Wchnschr. 46:1390 (Dec. 9) 1920. 


/ 



PROGRESS /A' ORTHOPEDIC SURGERY 


241 


Todd,^^® in the course of a very good discussion of the pathology 
of amputation stumps, says that he has employed for six years the 
alcoholic injection of the nerves, and advocates it most strongly. 

NEOPLASMS 

Total Excision of Clavicle for Sarcoma . — Coley presents the 

statistics of eighteen personally observed and eighty-seven collected 
cases of sarcoma of the clavicle, in which the operation of total excision 
had been performed. Sixty per cent, of the cases occurred before the 
age of 30, and there was a history of trauma and rapid growth in the 
majority. The tumors of the clavicle are as a rule of central origin. 
Coley pleads for the operation of total excision, stating that the opera- 
tive mortality in these cases was about 8 per cent., and that the func- 
tional disability following and the deformity were slight. Postoperative 
treatment by radium in combination with Coley's toxins he considers 
important. Only eight out of the 105 patients whose cases he reports 
have been apparently cured. The course is very rapid, death ensued in 
several cases five to six months after the tumor was first discovered. 

Cofield, discussing the difficulties in the diagnosis of osteosar- 
comas, considers the deep boring pain, often severe and unrelieved 
by fixation, to be the most characteristic symptom. He states that 
the pain of the periosteal sarcomas is likely to be less severe than that 
of the medullary type. 

Blume reports that 37 per cent, of twenty-eight patients having 
sarcoma who showed retrogression under roentgenologic treatment have 
been free from all symptoms for periods varying from eighteen 
months to five years. Twelve of the twenty-eight patients showed 
recurrences; seven were unaffected by treatment. When there was 
recurrence, the seat of the tumor was not involved. 

Myxomas. — Bloodgood,“- reviewing his own cases and those of 
his colleagues at Johns Hopkins, finds that, in every case of myxoma 
in which the tumor has been removed “piecemeal,” there has been recur- 
rence, and that several patients have died of metastases. He believes, 
therefore, that myxoma must be classed as a malignant tumor and 
that the presence of myxomatous tissue in any bone tumor is an indi- 
cation for active radical treatment. If complete excision is to be 
attempted, there should always be microscopic e.xamination of the 
margins of the growth. Amputation may well be the safest procedure. 
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Exploration for diagnosis he considers justifiable, with immediate 
examination by frozen section. He lays great stress on cauterizalion 
of the area from which the diagnostic bit is taken, on account of the 
danger of operative transplantation of cells. The actual cautery or phe- 
nol (carbolic acid) may be employed. It is a rare tumor of periosteal 
or central origin. Of 270 bone tumors, nine were myxomas and three 
chondromyxomas. At the present time not a single patient in whose 
case curetting alone was the operation is well and free from recurrences. 


Benign Cysts and Osteitis Fibrosa. — Bloodgood,^^® reviewing 158 
cases of central primary bone tumors, in which were included chon- 
dromas, myxomas, central giant cell tumors, central sarcomas, and bone 
cysts (osteitis fibrosa), finds fifty-four cases of bone cysts. The 
microscopic examination of the fibrous lining, connective tissue lining, 
and the tissue of the dilated haversian canals, is identical, and points 
to an inflammatory nature rather than to a neoplasm. It is not quite 
clear why, in some cases, osteitis fibrosa becomes cystic, but apparently 
the cystic change is the manifestation of the terminal reaction of 
which the bone is capable, the next stage going on to endosteal reaction 
and healing. The microscopic picture is sometimes confusing, the 
cellular areas which sometimes exist in the fibrous tissue in a case of 
osteitis fibrosa often being responsible for a diagnosis of fibrosarcoma. 
The natural termination is to spontaneous healing, fracture or a perfo- 
ration of the cortex. In the latter case the escaped fluid may cause a 
soft part and periosteal reaction which may simulate sarcoma. Carti- 
lage cells are sometimes found, but never any myxomatous tissue. A 
rather tough egg-like lining membrane and an absence of hemorrhage 
suggest a bone cyst. Myxomatous tissue has the appearance of tapioca 
stippled with blood. The presence of a distinctly hemorrhagic cyst 


points to malignancy. 

It is often difficult to differentiate bone cysts, in the roentgen-ray 
picture, from myelomas and central sarcomas. The bone cyst genera y 
attacks the shaft, while the. myelomas and central sarcomas are^ more 
common in the region of the epiphyses. When healing begins, m o 
case of a cyst, new endosteal bone formation becomes evident, whereas 
in myelomas and sarcomas these appearances are not found. The bone 
cysts occur most often during adolescence, and the spontaneous 
tures which may occur are painless. Bone cysts do not recur, 
so-called recurrences are usually reported on the basis of unnecessa 
operations undertaken while the slow process of healing is 
This process may occupy a period of two or three years. The e 
was the most frequent seat in Bloodgood’s thirty-three cases, 
tibia next, and the humerus third. As to treatment, the author a 
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simple protection to prevent fractures, in patients less than 15 years 
of age. If , fracture occurs, it may lead to healing, and it is treated 
as an ordinary fracture. In older patients, if the condition is pro- 
gressive with no roentgenologic evidence of ossification, an exploration 
should be advised, under most rigid asepsis. 

Xanthoma. — Merrill reports a case of xanthoma presenting mul- 
tiple bone lesions. The findings confirm the previously held opinion 
that the disease is a systerific condition, in which many of the body 
tissues may be involved, the more prominent skin lesions being only a 
surface manifestation, the bones and other tissues frequently sharing 
in the condition. 

Multiple Cartilaginous Exostoses. — Honeij’s detailed analysis of 
sixty-six cases of multiple cartilaginous exostoses has shown a positive 
hereditary history in all but three. In four cases, a study of the calcium 
and magnesium metabolism was made and there was found to be an 
excessive excretion of the alkali earths. No evidence of infectious 
origin was found. 

Maynard and Scott report sixteen cases occurring in four gene- 
rations of one family. They conclude that the condition is hereditary 
and that no infectious cause is suggested. 

DISLOCATIONS 

Recurrent Dislocation of the Shoulder. — Sever states that the 

portion of the capsule between the insertion of the triceps on the lower 
edge of the glenoid fossa and the subcapsularis above is the portion 
most frequently torn in dislocations of the shoulder. A weakness in 
the capsule in this region results, and if an atrophy of the triceps and 
subscapularis occurs, these muscles having a direct action in retaining 
the head in the glenoid, we have an ideal condition for recurring 
dislocation. The head usually slips out as the arm is elevated and 
abducted, and its exciting cause, Sever thinks, is a forward pull of 
the lower portion of the pectoralis major. For treatment of this 
annoying condition, the author advises a tenotomy of the pectoralis 
major, without subsequent suture, and a shortening of the tendon of 
the subscapularis tendon. He considers capsulorrhaphy of secondary 
importance. Sever says he has completely divided the pectoralis major 
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in about forty cases, with no untoward results, it being possible to 
adduct the arm quite as well as before; and no essential loss of function 
has resulted. 

Thomas reports his results in twenty-six cases of recurrent dis- 
location of the shoulder, making a total of forty-four, with his previous 
report of eighteen. His operation, it will be remembered, consists in 
reefing the capsule at its inferior portion. Of twenty-four non- 
epileptic patients, eighteen have shown no recurrences, and four others, 
on whom more than one operation was performed, may be classed as 
cured, making a total of twenty-two successful results out of twenty- 
four. Eighteen shoulders of epileptic patients were operated on and 
seventeen capsule operations were performed, with a successful outcome 
in eleven. Thomas says that the approach to the inferior portion of 
the capsule by the anterior axillary or subpectoral route is very difficult, 
and he advises the posterior route as the route of approach. 

Sandes has devised and successfully performed, in five cases, 
an operation for control of recurrent dislocation of the shoulder. An 
anterior incision in the pectoral deltoid sulcus, is made and the capsule 
defined. A strip of fascia lata, 30 by 4 cm., is removed from the 
thigh, and after being rolled up into a band, is passed through a drill 
hole made in the head of the humerus, horizontally backward, to 
emerge through the posterior portion of the greater tuberosity. The 
band is burrowed through the deltoid, brought up over- the clavicle 
and sewed taut to its other end, while the arm is held abducted 45 
degrees. This ligament suspends the humerus approximately through 
its axis of rotation in abduction to a fixed osseous buttress above. 
The arm is supported in a sling and rested for six weeks. 

Gibson reports seven patients successfully relieved of recurrent 
dislocation of the shoulder, on whom he performed the Qairmont- 
Erlich operation. The operation consists of employing a portion of 
the posterior part of the deltoid muscle as a sling about the neck of 
the humerus to prevent the usual downward dislocation. The longest 
time which has elapsed since these oi>erations is more than two years. 

Subhixation of the Head of the Radius . — Grossman considers this 
accident quite common and often overlooked, or else diagnosed as a 
sprain of the shoulder or wrist. It occurs only in children less than 
5 years of age, and is almost always the result of pulling or lifting the 
child by the wrist. It has been called “traumatic palsy” because of the 
apparent flaccid paralysis, due to the extreme relaxation of the muscles, 
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in order to relieve pain. The head of the radius has slipped out of 
the orbicular ligament, and it may usually be replaced with a “click” 
by extreme forcible supination. This is the only treatment necessary. 
The article is based on a study of thirty-seven cases. 

Dislocation of Carpal Bones. — Coues reports a case of dislocation 
of the carpal scaphoid with partial luxation of the semilunar. The 
patient was seen several weeks after injury, and excision was advised 
but refused. There was marked disability of the wrist and thumb. 
Two other cases of dislocation of the carpal scaphoid associated with 
luxation of the semilunar were found in the literature. In both, of 
these the bones were excised, with great improvement in function. 
HOnigschmied’s experiments on the cadaver lead Coues to believe that 
intercarpal ligamentous injury with lateral torsion of the wrist would 
best account for this rather unusual lesion. 

Stern,^®® writing on dislocation of the semilunar bone, considers the 
condition not infrequent. The dislocation is susceptible of reduction in 
tbe recent cases by overextension and the use of the Thomas wrench, 
under complete anesthesia, the bone being held in place by fixation 
in extreme flexion. Old intractable dislocations should be excised. 

Traumatic Dislocation of the Knee Joint. — Platt reports a care- 
fully followed case of true complete traumatic dislocation of the knee 
joint in a man of 47. Reduction was accomplished and the knee 
immobilized in plaster for four months, and by a walking caliper for 
the six weeks following. The patient returned -to work in seven months 
with no instability of the knee, but with flexion limited to 20 degrees. 
He was seen four years later, after he had served two years in the 
army. At the time he had from 100 to 110 degrees of flexion and a 
sound and stable knee. Platt suggests that prolonged immobilization 
should bring about the same happy result in fresh cases of rupture of 
both crucial ligaments. 

Pathologic Dislocation of the Hip. — Flament calls attention to 

the not uncommon pathologic dislocations of the hip which occur during 
or following certain infectious diseases. He has collected eighty cases 
and finds the relative frequency in the different diseases as follows: 
typhoid fever, thirty-two ; acute articular rheumatism, twenty-four ; 
scarlet fever, thirteen; smallpox, three; Neisser infection, three; influ- 
enza, three ; erysipelas, one ; empyemia, one. 
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FRACTURES 

Results in the Treatment of Simple Fractures. — Estes reviews the 

statistics which he collected as chairman of the committee on fractures 
of the American Surgical Association. Of the 739 cases analyzed, 120 
only were the result of direct violence, and 619 the result of indirect 
violence. In the British and American groups, the incidence as to age 
varied considerably, the British showing more than twice as many 
cases in patients less than 10 years as in any other decade, while the 
decade of greatest incidence in the American reports was from 20 to ■ 
30. In comparing the operative with the nonoperative results, Estes 
finds that more perfect anatomic alinement was secured by operation, 
but that the functional recoveries were higher in the cases of patiepts 
who were not operated on. The average length of the period of disa- 
bility is also interesting. For the shaft of the humerus, the period was 
fourteen weeks; for the head and neck of the humerus, eleven and 
one half weeks ; for the condyles of the humerus, nine weeks ; for 
the shafts of both bones of the forearm, ten and four fifths weeks; 
for the femur (all sites), seven and thirty-seven hundredths months; 
for the fractures of the lower leg (all sites), four and three-fourths 
months. ■ 

A Study of Bone Grafting Operations in U. S. Army Hospitals . — 
W alker has compiled some incomplete but suggestive statistics from 
the records of the Surgeon-General’s office. There were about 25,000 
fractures as a result of war wounds in the A. E. F., and 15,165 of 
these were of the long bones. There have been reported thus far 906 
cases of nonunion, and of these, 611 were treated by bone grafting 
operations. Walker concludes from a study of the results as reported 
that the autogenous grafts from the tibia have given the best results, 
and that it is reasonably safe to perform this operation four months 
after complete healing has taken place. In the ratings for disability 
which have thus far been made, about one half of the cases (48 per 
cent.) have shown less than 25 per cent., and about one-fourth (22 
per cent.) more than 35 per cent., and 8 per cent, more than 50 per 
cent, of disability. 

Union of Septic Compound Fractures. — Gallie maintains that 

sepsis favors union in compound fractures rather than prevents it. 
His investigations have convinced him that inflammation, either cause 
by infection or resulting from severe trauma with comminution, 
increases the amount of callus. Bone infection may interfere wit 
union when the bone ends are necrotic. Gallie does not approve o 
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the commonly employed methods of removing sequestrums, cleaning 
up the sepsis, and allowing the wound to heal and remain healed for 
several months before any attempt is made to overcome the pseud- 
arthrosis. The method which he has employed in Toronto in the large 
number of war cases, and of which he speaks most enthusiastically in 
light of the results, was to remove the sequestrums and at the same time 
to shorten the limb by approximating the freshened fragments after 
excising all the scar tissue, suturing the ends with kangaroo tendon. 
Bony deformities resulting from malunion were corrected by osteotomy 
at the same time that the patient was operated on for the coexisting 
osteomyelitis. He points to the great saving of time which this method 
' accomplishes, and says that union practically always occurs. 

Schrock believes that after an intra-articular fracture has been 
reduced with or without operation, the muscles about a joint should 
be stimulated to active contraction by the second or third day, while 
the limb is in a splint. He also believes that slight active (never 
passive) motion of from 5 to 10 degrees should be encouraged, if 
painless, on the fourth or fifth day, and that on the tenth day, active 
motion up to half normal should be the goal, increasing to 90 per cent, 
of the normal range by the tliird week. No passive motion is to be 
given and no pain is to be caused. 

Compression Fractures of the Lower End of the Radius. — Ste- 
vens advocates giving up the name Codes’ fracture, and calling 
the common fracture of the lower end of the radius “compression” 
fracture. He thinks that there is little actual impaction in most cases ; 
the jamming together of the two portions causes an actual loss of 
substance; and while deformity can be corrected, it is often impossible 
to secure absolute anatomic reposition. He urges the importance 
of early motion, getting rid of all splints, and using a wrist strap only 
at the end of two weeks. He presents records of four cases. 

Troell also concludes that the majority of radial lower end frac- 
tures are compression fractures, or are due to hyperextension of the 
wrist. 

Fracture of Tip of Distal Phalanges of Fingers. — Maddren,’^®^ on 
the basis of twenty-seven cases, calls attention to the fact that fracture 
of the tip of the distal phalanx is not a trivial injury. The roentgen 
ray alone often makes the diagnosis possible. The first symptoms 
are often mild ; but, of twenty-seven patients, one lost 196 days from 
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^vork, and seventeen others lost an average of sixty days each. The 
rca§5n=T£orJhis_disablement, in 66 per cent, of the cases, was persistent 
tenderness and late infection. Early recourse to surgery is indicated. 
As soon as the diagnosis can be made, an incision shotild be made into 
the connective tissue sac about the fracture, to relieve pressure. The 
route under the nail or a lateral incision may be employed, deep enough 
to open this sac. The results in his twenty-seven consecutive and unse- 
lected cases have been excellent, disability averaging only six and three- 
tenths days. No man was incapacitated more than thirty days. 

Fractures of the Femur, — Speed’s excellent article on fractures 
of the femur analyzes 526 cases. About half were fracture of the 
neck or through the trochanters, and about half fractures of the shaft. 
There were 56 deaths, a mortality of 11 per cent. Half of these deaths 
were due to pneumonia. Intertrochanteric fractures were a little more 
common than fractures of the neck. Fifty-one operations were per- 
formed, with a mortality of 8 per cent. He advocates the abduction 
treatment in all cgses of neck and intertrochanteric cases. He con- 
siders that alinement is the most difficult in cases of subtrochanteric 
fracture, because of the flexion and abduction of the proximal frag- 
ment. It is necessary to treat this type by- a combination of traction, 
flexion and abduction of the distal fragment. In fracture of the shaft, 
after union has been secured by reduction and maintenance in the 
Thomas or some other splint, or by direct skeletal traction, a walking 
caliper should be applied before the patient is allowed to walk. 

Campbell,^®^ in ununited fractures of the neck of the femur, has 
made a trial of numerous methods. In seven cases, a wire nail was 
driven through the trochanter, neck and head. In two patients the 
results were successful, one was improved, and in four the opera- 
tion was a failure. In twenty cases, tibial grafts were employed, 
with successful results in fourteen, improvement in one, and two fail- 
ures. In three cases the results are unknown. In two, the head of 
the femur was excised and the trochanter placed in the acetabulum 
after the method of Brackett, with good results. 

Fractured Patella . — Hertzler has employed with satisfaction, in 

transverse fracture of the patella, a method attributed to Dr. G. A- 
Nickelson of Plains, Kansas. Two stout steel pins are put throug 
the infrapatellar and suprapatellar tendons, as close as possible to 
the bone fragments, and these projecting ends are approximated by 
bandages or adhesive plaster. The author presents the roentgenograms 
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in a case of transverse fracture with considerable separation of the 
fragments, in which good apposition and bony union resulted. These 
pins were not painful to the patient. The leg was supported in a splint, 
but this was removed from time to time, and the knee exercised. The 
joint is not opened by this method. 

Fractures of the Tibial Spines. — ^Jones reviews the literature of 
this rather rare injury, sustained from a severe trauma, acting directly 
on the knee joint. When the injury is acute, there may be crepitus, 
tenderness over the inner side of the knee, and locking. The treatment 
consists of manipulation in order to gain complete extension, and 
immobilization in plaster for from two to three months. 

. Stave Fracture of the First Metatarsal Bones. — Cooperman ^®" 
reports a case of stave fracture of the first metatarsal and compares 
it with the stave fracture of the first metacarpal (Bennett’s), which 
penetrates into the joint between the trapezium and the metacarpal, 
owing to force acting on the end of the thumb. In the stave fracture 
of the foot, the fracture penetrates into the joint with the internal 
cuneiform, but is due to a force exerted on the heel while the first 
metatarsal head is fixed by weight bearing. 

-ROENTGENOLOGY 

Angle of Epiphyseal Line Between Head and Neck of Femur . — 
Cramer ^®®. finds a very wide variation in the angle which the epiphyseal 
line between the head and neck of the femur makes with the horizontal 
line. He has examined, roentgenologically, sixty-eight children from 
1 to 17 years old.- The angle varies from 0 to 50 degrees. Fifty per 
cent, of the cases showed an angle of approximately 15 degrees. 

Bncky Diaphragm. — Potter ^®® calls attention to the greatly 
improved roentgenograms of the spine, which are now possible by the 
use of the Bucky diaphragm, and to their enhanced value as diagnostic 
aids. They not only give a heightened contrast between bone and soft 
parts, but also a greater clearness of outline in the more delicate bony 
framework of the spine. 

[Ed. Note. — We would go so far as to say that the use of this 
apparatus has become a sine qua non if we desire to obtain from 
roentgenograms the greatest amount of information concerning deep 
bone structures. Its principle is the construction of a parallel grid 
which moves between the patient and the tube during an exposure, 
absorbing most of the fogging secondary rays, its own shadow 
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neutralized by its movement. Plates of the spine taken by this method 
are in a distinct class by themselves when compared with plates taken 
by the old technic.] 

Diagnosis of Syphilis in the Fetns. — Shipley, Pearson, Seech and 
Greene have examined, by roentgenograms, about 300 white fetuses, 
varying from the age of 6 months to, nearly, term, with the purpose 
of studying the variations from normal. They make the surprising 
statement that of the first 100 plates studied, fifteen revealed evidence 
of advanced syphilitic osteochondritis. Ten gave signs of less marked 
syphilitic disease, and thirty-one revealed one or more bones which 
varied from the normal and were noted as suspicious. Briefly, 25 per 
cent, revealed, according to these investigators, marked skeletal signs 
of syphilis. Practically all the bones may be afifected by the syphilitic 
process; but, even in advanced cases, it seems to interfere very little 
with skeletal growth. 

RESEARCH 


Compression Trauma, as an Entity. — Nathan has carried out a 
series of experiments on animals to determine the morbid conditions 
which ensue in those subjected to different kinds of contusion injuries. 
He believes these conditions may be expected after fractures. They are 
twofold: (1) tire direct injury to the tissues at the time the force is 
applied, and (2) the secondary conditions brought about by the tension 
within the tissue, resulting from the extravasation of blood and the 
inflammatory exudate. The muscle and nerve fibers, with their end 
organs, are exceedingly sensitive to compression and irritation, and 
these secondary conditions are quite likely to lead to disabilities quite 
out of proportion to the damage from the original compressive force. 
In the main they consist of: (1) more or less marked and persistent 
neuromuscular, neurotrophic, and vasomotor disturbances; (2) inhibi- 
tion of joint motion, with signs of intra-articular injury and intro- 
articular and peri-articular inflammation; (3) inhibition of joint 
motion, with the signs of intra-articular inflammation appearing when 


attempt is made to reestablish joint mobility. 

Immunologic Distinctions Between Encephalitis and Poliomyelitis.'— 
Amoss believes that these two diseases can be distinguished f ^ 
power of the blood serum of convalescent cases of poliomyelitis to 
neutralize the virus of poliomyelitis; whereas the blood of convalesc^it 
patients in cases of epidemic encephalitis is devoid of this power, 
believes that, at the present time, the evidence points toward these two 
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conditions being integrally distinct affections. They both may be infec- 
tions, the main lesions of poliomyelitis being present in the spinal cord, 
while those of encephalitis are found in the midbrain. 

Strength of Nerve Suture. — Miller has attempted to determine 
the tensile strength of experimental end-to-end nerve suture, employing 
the sciatic and popliteal nerves of dogs. These nerves were recovered 
at varying intervals after suture, and subjected to tests of tensile 
strength. It was found that this strength was as great after the end 
of the third week as after the fourth or fifth, being roughly propor- 
tionate to the diameter of the nerve. The epineural sutures of silk or 
catgut seem to play little part after the second week. The investigator 
advises waiting, in human cases after suture of the sciatic, from six to 
eight weeks before putting strain on the suture line. In the median 
and the ulnar, extension of the forearm should be delayed until four 
weeks have elapsed. 

Infection of Tubercle Bacilli into the Metaphyses of Long Bones.— 
Oliver,^^* discussing Ely’s claim that peculiarities in the structure of 
the bone marrow determine the localization of tuberculous infection in 
long bones in the epiphysis and metaphysis, states that this is in con- 
trast to the more diffuse process seen so often in the pyogenic infec- 
tions. Lexer’s theory has been that the embolic deposit of bacteria is 
favored by the anatomic arrangement of the arteries. Oliver’s experi- 
ments seem to confirm the view that the common localization of the 
tuberculous infection in the metaphysis and epiphysis is due to the 
peculiarities of structure of the bone marrow. This tissue in the 
metaphysis, in contrast to the fatty marrow of the diaphysis, is rich 
in cells which are peculiarly concerned in the rea'ction to infection by 
the tubercle bacilli. 

Regeneration of Long Bones. — Martin’s experiments on dogs 

seem to show that regeneration of bone can proceed from the endosteum 
alone. If there is destruction of the periosteum and cortex, regenera- 
tion will, however, not be complete and eventual pseudarthrosis results. 
The periosteum alone cannot fill the defect as well as the endosteum. 
The endosteum lining the haversian canals plays a distinct part in the 
regenerative process. Further experiments by Martin have shown a 
great difference in the power of the periosteum to produce new bone 
in growing and adult animals. It is only in the growing dogs that the 
periosteum seems able to produce callus without the help of the cortex 
and marrow. If a circular resection of the periosteum and cortex is 
performed, a pseudarthrosis results. A callus was formed, but a gap 
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persisted between the fragments. The surrounding bone tissue showed 
a regressive change, and the interesting observation was made that a 
similar regressive metamorphosis occurred in the parallel bone of the 
forearm or leg and, may proceed to actual pseudarthritis at the same 
level as on the bone operated on. 

Rdle of Cancellous Tissue in Bone Healing. — Todd,^^® after studying 
cases of chronic osteomyelitis, believes that cancellous bone plays such 
an important part in regeneration that its integrity ought to be care- 
fully preserved whenever possible. Its activity as a regenerating struc- 
ture is greatest as the middle of the shaft is approached. Todd thinks 
we should be most careful in our “disinfection” of cavities, as this 
procedure often kills the remaining tissue, from which regeneration 
must be expected. 

Autogenous and Homogenous Transplants of Bone in Dogs . — 
Brooks and Hudson have found that a defect in the shaft of a bone 
in a dog may be permanently regenerated by a bone transplant removed 
from another dog. These homogenous transplants were successful in 
76.8 per cent, of the -experiments, while autogenous transplants suc- 
ceeded in 84.8 per cent, of the cases. 

Recognition of Dead Bone. — Phemister has made physiologic and 
roentgen-ray studies, attempting to discover characteristics by which 
dead bone may be recognized in the living body. In the main the 
characteristics are: 1. Color. Dead bone becomes eventually white 
instead of purplish, but this whiteness is not an early change; more- 
over, spongy bone may retain old blood or granulation tissue and appear 
dark until washed. 2. Erosion. If the dead bone is in contact with 
an involucrum, either from the inside or outside, its surface may 
become eroded. 3. Density. This is usually greater than that of living 
bone, but often deceptive in the roentgenogram if erosion has occurred 
and a thin flake is roentgenographed on the flat. ■ 4. Line of demarca- 
tion. This can ixsually be detected by the roentgen ray, or at operation, 
and one of the helpful signs is the preservation, on the dead bone, 
of the original sharp points or jagged line of fracture. 5. Sinuses 
lead down to dead bone. 

apparatus 

Fracture Band. — Collins,^'® striving to avoid the ringlike constric- 
tion of the bone which the simple Parham band exerts and which, m 
certain instances, seems to cause bone atrophy, has devised a an 

176. Todd: Ann. Surg. 72:452 (Oct.) 1920. . . 

177. Brooks, B., and Hudson, W. A.: Studies in Bone Transplantation, 

Surg. 1:284 (Sept.) 1920. 

178. Phemister: Ann. Surg. 72:466 (Oct.) 1920. ^ ,. 

179. Collins, A. W. : Fracture Reduction and Fixation with a ape 
Designed Band, Arch. Surg. 2:354 (March) 1921. 
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applied in the same way as the Parham, but shaped like a fenestrated 
square at one end. This distributes the pressure and avoids the ring- 
like constriction. He reports its use in a hundred cases, with eight 
removals. 

Protractor. — Robinson,^®® of Pittsburgh,- like his fellow townsman 
Silver, has devised a protractor for measuring the range of joint motion. 
Silver’s pattern (unpublished) is the better, since one may adjust the 
instrument to measure from the center of joint motion, while the pro- 
tractor is stable. Robinson’s is, however, very convenient, and of 
vest pocket size and entirely practical. 

[Ed. Note. — ^We cannot urge too strongly, the use of some accurate 
recorder of joint motion and angles of joint or bone deformity. The 
experiment of asking any group of well-trained surgeons to estimate 
by sight alone the range of any given motion or the angle of any 
deformity may be tried. It will be found that these estimate? of sight 
will vary from 10 to 45 degrees. If records which purport to record 
progress or retrogression are to be kept, or the patient is to be stimu- 
lated to an effort to increase his mobility, a protractor of some sort is 
absolutely essential. No surgeon can possibly keep accurate records 
without one.] 

MISCELLANEOUS 

Adventitious Ligaments Simulating Cervical Ribs. — Law,^®^ on 
operative exploration of four cases of arm pain in which a short or 
rudimentary cervical rib was present, has found adventitious ligaments 
stretching from their forward ends to the first rib or sternum. In all 
the four cases there was pinching of the nerves and vessels between 
this adventitious ligament and the scalenus anticus muscle. The liga- 
ments were all taut and varied in their points Of insertion, one entering 
the scalene tubercle of the first rib with the muscle, another the costo- 
clavicular ligament, and a third near the head of the clavicle. After 
operative intervention, the neuralgia persisted for a short time, quickly 
becoming less severe and finally disappearing. 

Bone Typhoid. — Bohmansson cites a case in which multiple foci 
of bone infection suggesting typhoid lesions led to the diagnosis. There 
were almost no other suspicious clinical symptoms. Positive cultures 
were made from a bone focus. The case suggests that the severity of 
the primary disease is no index^ to the likelihood of bone lesions in 
typhoid. 

Anatomic Variations hi the Lumbar Spine. — Goldthwait,^®® present- 
ing sixteen illustrative roentgenograms, suggests that more frequent 

180. Robinson : J. Orthop. Surg. 3:41- (Feb.) 1921. 

181. Law: Ann. Surg. 72:497 (Oct.) 1920. 

182. Bohmansson: Ann. Surg. 72:486 (Oct.) 1920. 

183. Goldthwait: J. Orthop. Surg. 2:416 (July) 1920. 
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roentgenograms of the dorsolumbar region will probably reveal, if prop- 
erly interpreted, the explanation of many obscure low back and 
“kidney” pains. We know that many sacral and sciatic pains can be 
relieved by changing the posture. In the slender, “lanky” individual, 
with a sagging, visceroptotic posture and a narrowed costosternal angle, 
the lower ribs may be seen to impinge on a long transverse process. 
Most cases can be fairly easily relieved when the true mechanical condi- 
tions are recognized. 

There is a good deal of French literature at present dealing with the 
abnormalities of the fifth lumbar vertebra as a cause for' backache and 
sciatica. Thus, Nove-Josserand and Rendu report nineteen cases, 
and conclude that, while the operative removal of a portion of a 
projecting transverse process has given relief in certain cases, it is 
usually unnecessary. 

Mauclaire has operated on one patient unsuccessfully, but appar- 
ently still believes in the operation, suggesting a gallows-shaped 
incision, vertical in the midline and transverse at the top. 

Richards held “sacralization” of the fifth lumbar vertebra 
responsible for low back pain in 90 per cent, of sixty cases. He thinks 
that only operative treatment is effective. 

[Ed. Note. — The authors who advocate this serious operation, i. e., 
the removal of transverse processes, as a routine measure for the, relief 
of symptoms referable to anomalies of the fifth lumbar vertebra seem to 
us to miss the significance of the fact which, strangely enough, they 
frequently mention, namely, that the symptoms are often of very recent 
onset, while the abnormality has, of course, existed since birth. It 
may be that in certain cases long continued slight irritation may cause 
hypertrophy of bone and that these overgrowths may cause the nerve- 
root pressure. As a rule, however, we believe that the two great 
exciting causes of the symptoms are some sudden back strain or trauma, 
or the gradual strain, sagging and impingement which an habitually 
faulty posture brings about. Now, unless actual bony changes in the 
way of overgrowth have occurred, it has been our experience that 
conservative treatment by means of the protection afforded by belts or 
braces and the gradual persistent correction of the posture by means 
of exercises are quite sufficient to relieve the symptoms. When a strain 
is superimposed on a vertebral abnormality and unnatural lines of Ic^ 
age are emphasized by the trauma in this place of lessened resistance, 
recovery may be more slow than that following a strain of a norma 
back. A lumbosacral joint of abnormal contour may always e a 
locus minoris resistentiae, but not necessarily one which deman s 
serious operation. 

184. Nove-Josserand and Rendu: Presse med. 28:514 (July 28) 1920- 

185. Mauclaire: Paris med. 11:81 (Jan. 29) 1921. . t i 1920. 

186. Richards: Bull, et mem. Soc. med. de hop. de Pans, July > 
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Pelvic Articulations During Pregnancy . — Lynch has made a 
roentgenologic study of the pelvic articulations during pregnancy and 
labor and the puerperium. He finds that, while it is comparatively 
rare for the symphysis pubis to be widened during pregnancy, the 
sacro iliac spaces are almost constantly widened. 

Growth Epiphysitis . — Froelich considers that the growth lesions 
of the tibial tubercle (Osgood- Schlatter disease), Kohler’s disease of 
the scaphoid, apophysitis of the os calcis, trochanteritis, epicondylitis, 
epiphysitis of the base of the fifth metacarpal, etc., should all be grouped 
under the one name of growth epiphysitis. He considers them all mild 
forms of osteomyelitis, whose importance is their liklihood of being 
mistaken for tuberculous bone lesions. 

[Ed. Note. — We are in accord with the proposal to group all these 
conditions, now frequently erroneously designated by the name or 
names of the men who first described them, under some such name 
as growth epiphysitis, with the exception of Kohler’s disease. This 
seems to us still to be unexplained in its etiology and not to belong to 
this large group. Kohler, at the Radiographic Congress at Wiesbaden, 
in 1908, first described this peculiar lesion of the scaphoid bone of 
the foot, and Mouchet and Roederer and Regaud recently have 
added to our knowledge. It is a peculiar change in the structure and 
apparently represents a developmental abnormality of a nontraumatic 
and noninfectious origin, since the two bones may be affected at the 
same time in one person. The bone is narrowed in width, sometimes 
almost disk-shaped, and of far greater density than normal. We do 
not agree with Froelich that the probable cause of what he designated 
growth epiphysitis is a low grade osteomyelitis. It seerris to us that 
it is entirely unnecesary to suppose an infection, both from the speedy 
relief from protection alone and from the absence of other signs of 
infection. We consider it most likely to be merely an irritation of a 
growing center by a strong muscle pUll. They all occur in regions in 
which a. powerful muscle is attached to a small ununited center of 
bone growths. We believe them to be, generally speaking, indirect 
traumatic inflammations in subjects who have not attained full growth, 
and in the neighborhood of those epiphyses that are not yet 'united 
and subjected to powerful muscle traction.] 

Curative Play . — Schauffler describes an excellent curative play 
system in force at the Mercy Hospital in Kansas City. He is enthusias- 
tic over the results obtained in cases of weakened muscles and stiff 

187. Lynch; Surg., Gynec. & Obst. 30:575 (June) 1920. 

188. Froelich: Paris med. 10:430 (Dec. 4) 1920. 

189. Mouchet and Roederer : Rev. d’orthop., July, 1920. 

190. Regaud: J. de radiol. et d’electrol. 4:453 (Oct.) 1920. 

191. Schauffler: J. Orthop. Surg. 3:98 (March) 1921. 
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joints by thus inducing the use of the limbs under the stimulation of 
various games and competitive exercising machines, such as velocipedes 
and “kiddie cars.” 

Presidential addresses, delivered by men who have played no small 
part in the advancement of this branch of surgery, demand comment 
in the report of orthopedic progress. Col. Clarence Starr of Toronto, 
before the American Orthopedic Association, made a strong plea for the 
more thorough training of orthopedic surgeons in general surgery, 
and the gradual widening of the scope of the specialty to include the 
surgery of the extremities and spine in general. Fractures and osteo- 
myelitis and the standardization of methods of physiotherapy seem to 
him most promising fields for investigation. 

Major-Gen. Sir Robert Jones,^®® in a presidential address before 
the British Orthopedic Association, defines what seems to him the 
scope of orthopedic surgery; (1) fractures, recent, malunifed, and 
ununited; (2) congenital and acquired deformities of the extremities; 
(3) paralysis of the extremities, and (4) diseases and disabilities of the 
joints, including the spine. He suggests a scheme for hospital organi- 
zation. In a general hospital of 300 beds, he believes forty is a fair 
proportion to allocate to orthopedic surgery, with .beds in the country 
for children, the general surgeon having a right to treat any case or 
group of cases of extremity surgery in which he is especially interested. 
His aim, as is the aim of all fair-minded orthopedic surgeons, is not to 
take away from the general surgeon any group of cases in which he is 
interested and to the treatment of which he is willing to bring devotion 
and skill, but to bring about a more speedy restoration of function by 
stimulating the interest and developing the skill of a certain group o 
surgeons to whom this type of case appeals both as an interesting sur 
gical problem and as a humanitarian necessity. 


192. Starr; J. Orthop. Surg. 2;381 (July) 1920. 

193. Jones : Brit. M. J,, Nov. 20, 1920. 
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VENTRICULOCORDECTOMY 

A_NEW OPERATION FOR THE CURE OF GOITROUS PARALYTIC 
LARYNGEAL STENOSIS * 

CHEVALIER JACKSON, M.D. 

PHILADELPHIA 

The literature of laryngeal stenosis is so burdened by the premature 
reports of cases that I have waited for the lapse of time to prove the 
permanency of what I believe to be an ideal operation for the cure 
of that form of stenosis associated with bilateral recurrent paralysis 
when the stenosis is due solely to the paralysis. In these cases, 
tracheotomy has usually been already performed for urgent dyspnea 
and the' patient comes to the laryngologist for decannulation. 

PREVIOUSLY DEVISED OPERATIONS 

The ideal operation would, of course, be the reestablishment of 
nerve continuity by resection and anastomosis, with or without trans- 
plantation. Obviously, this procedure would be limited to peripheral 
cervical lesions. It would be impracticable in laryngeal paralysis due 
to central or the usual mediastinal lesions. It has been done with an 
excellent result in a case of monolateral paralysis by J. Shelton Horsley 
and Clifton M. Miller.^ Neuroplastic surgery directed to anastomosis 
of the recurrent with the pneumogastric nerve may yet be demonstrated 
as useful. Any procedure designed to restore motility must be done 
within a year after the complete loss of abduction, because' after a 
certain period, usually only a few months, loss of motility is followed 
by neural and muscular atrophy, after which, resumption of motion 
even vdth reestablishment of nerve continuity becomes hopeless. 
Complete recurrent paralysis and lost tonus evidenced by a cadaveric 
position of the cords render it hopeless to expect any motility ; but 
in most of these cases the stenosis has been relieved by the greater 
glottic area afforded. This has led to attempts at creating the cadaveric 

* Read before the American Laryngological Association, Atlantic City, N. J., 
June, 1921. 

1. Horsley, J. S., and Miller, C. M. : Suture of the Recurrent Laryngeal 
Nerve, Tr. South. Surg. & Gynec. A., December, 1909. 
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position by section of the recurrent nerves ; the results, however, have 
been disappointing in not creating the desired cordal position. Extir- 
pation of a section of the nerve in one case, suggested by myself, was 
followed by the cadaveric position. The chief objection, to this pro- 
cedure is that with a cadaveric position of the cords the expectoration is 
very imperfect, and if tracheobronchial or pulmonary sequelae or inter- 
current conditions develop, the patient may even drown in his own 
secretions, as I previously pointed out.f 

Endoscopic evisceration = is quite effectual in relieving the stenosis 
and readily brings about decannulation ; but the expectorative and 
vocal results following such a procedure are not so good as those 
following ventriculocordectomy. 

Laryngostoni}' is very effectual in restoring oronasal breathing, and 
the expectorative and vocal results are usually good; but there is not 
the necessity for the prolonged period of after-care in paralytic cases 
that exists in the cases of cicatricial laryngeal stenosis. When, how- 
ever, the paralytic stenosis is complicated by cicatrices, as for instance 
from a high tracheotomy, the operation of laryngostomy may be 
necessary; but even here the cicatricial part of the trouble, if not too 
extensive, may, in many cases, yield to bouginage after- ventri- 
culocordectomy has removed the cordal obstruction. 

Bouginage has no effect whatever on paralytic stenosis, the cords 
freely separating to admit the bougie and promptly collapsing on its’ 
withdrawal, giving much the same appearance as "making a hole in 
water.” 

Intubation has no permanent effect on the stenosis, but is often 
suggested as a substitute for tracheotomy for the relief of the dyspnea 
in abductor paralysis. Such use is, however, exceedingly dangerous 
because of the probability of an asphyxiating dyspnea should the tube 
be coughed out in the absence of an expert intubator to replace it. 

Cordectom)’-, the excision simply of the cord, has been tried and 
found unsatisfactory by Gleitsman and others. I have had success 
with it onl}’- in a very few cases. It was performed many years ago, 
and I now believe that the successful cases included more tissue than 
the cord alone, and were in fact a ventriculocordectomy imperfect an 
incomplete because of the difficult method of work with the mirror or 
through the Kirstein autoscope. So far as the latter instrument is 
concerned, possibly the results in this and other operations might lave 
been better if employed with the technic and manipulative experience 
since acquired. 

2. Jackson, Chevalier : Peroral Endoscop}' and Laryngeal Surgery, St. 
Laryngoscope Company, 1914 ; Drowning of the Patient in His Own ecre 
Editorial, Laryngoscope 21:641 (Dec.) 1911. 
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DYSPNEA IN BILATERAL RECURRENT PARALYSIS 

This is due, of course, mainly to the paralysis of the crico- 
arytenoidei postici; but there is another factor which I believe I was 
the first to point out. It is a purely mechanical one, due to the shape of 



Fig. 1.— Schema illustrating the tight closure of the glottic chink by the 
inspiratory blast in bilateral abductor paralysis, on the mechanical principle 
of a check-valve. The expiratory blast opens the glottic chink wider. During 
inspiration, pressure on the ventricular floor narrows, or even tightly closes, 
the chink. 


Fig. 2. — Schema showing probable coronal cross-section of larynx after ven- 
triculocordectomy, judging by appearances on mirror examination in cases in 
which there was no formation of an adventitious cord. 

the ridge of tissue supporting the cord and forming the floor of the 
ventricle. The tapering shape of the subglottic airway (Fig. 1) 
encountered by the upward moving expiratory blast widens the flaccid 
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glottic margins ; whereas, on inspiration, the flat floor of the ventricles is 
depressed, throwing the cordal edges together and thus tending to close 
the glottis tighter. The more sudden and strenuous the effort to inspire, 
the quicker and tighter the closure. This is one of the chief reasons 
why the patient’s distress is less, the more quietly he breathes ; whereas 
panic and strenuous efforts lessen the actual amount of air he can 
pull through the glottis. It seems quite likely that a portion of the 
good results obtained by ventriculocordectomy are due to the alteration 
in the shape of this ridge of tissues at each side of the glottis. Exactly 
what the cross-sectional shape is after cure by this operation I have 
not yet been' able to demonstrate, because there has as yet been- no 
opportunity to obtain a postmortem examination' in any of the cases ; 
but judging by the laryngoscopic appearance, the flat floor of the 
ventricle is replaced by a sloping wall and the cross-section is probably 
similar to that shown in Figure 2. 


BILATERAL ABDUCTOR PARALYSIS DUE TO GOITER 

• Most of the cases of bilateral laryngeal paralysis of peripheral 
origin that haA'^e come to the Bronchpscopic, Clinic have been caused 
by goiter. Very rarely has the paralysis been the result of the 
thyroidectomy. Usually laryngeal motor trouble has been present 
before operation, though not always detected because the larynx was 
not examined. In quite a number of cases, I have been able to protect 
the surgeon by careful analysis! of the history. The necessity for an 
examination o.f the larynx before every goiter operation, first strongly 
urged by myself, is now quite generally recognized. 


VOCAL, PROTECTIVE AND EXPECTORATIVE RESULTS OF 
VENTRICULOCORDECTOMY 

The three chief functions of the larynx are phonation, protection 
and expectoration. Any laryngeal operation proposed must be con 
sidered in its results on these three functions. In all of the seven 
selected cases in Avhich operation Avas performed by this method, a 
voice louder than an ordinary whisper has been obtained. In foin" ■ 
cases the voice has been loud enough to be heard across a large 
Including these four there have been, altogether, six patients that a 
a voice loud enough to carry on ordinary conversation in a reasona y 
quiet room. The Amice, while rough and of a “stage-Avhisper qua i^y 
in some, Avas in others smoother but deep in pitch. In -the latter 
of cases,' the ventricular bands took on the function of the voca 
This vicarious functioning of the ventricular bands is quite 
seen in other than paralytic conditions, often having in suci ca^^^ 
the full approximating excursions of a pair of true vocal 
since the bands lack tension and thinness, the Amice is usua y 
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and rough. In the class of cases now under consideration, which 
were paralytic, full active excursion was not to be expected;. yet an 
unexpected degree of approximation of the ventricular bands was 
present during forced phonation, possibly from the partial action of 
muscles (chiefly the crico-arytenoideus lateralis), to which unparalyzed 
filaments of the recurrents functioned, . or to external accessory muscles 
not innervated by the recurrent nerve. One pair of muscles that was 
palpably active in most of the cases was the cricothyroidei. The 
arytenoid cartilages in all of the cases certainly showed some degree 
of rotation on the crico-ar 3 denoid joint, whatever may have been the 
muscular mechanism. In two cases the motion was so nearly normal 
in range, and the adventitious cords so nearly resembled normal cords 
that it would have been difficult without the history to realize that an 
abductor paralysis had been present and that the normal cords and 
their support had been excised. In these cases on theoretical grounds 
I assumed that the crico-arytenoideus lateralis had retained full 
functional activity, dragging out and forming an adventitious cord 


on sccir. 

Fig. 3. — Schematic representation of the author’s theor}- of development of 
an adventitious cord. 

from the cicatricial tissue that resulted from the ventriculocordectomy, 
just as happens so often after thyrotomic excision for cancer (Fig. 3). 

On theoretical grounds, I have assumed that by excising the cordal 
tissues that can no longer be pulled out of the way because of the 
paralysis of the crico-arytenoideus posticus we substitute the elasticity, 
of a scar for the activity of the paralyzed muscle, the elasticity pro- 
ducing the abduction while the still active crico-arytenoideus lateralis 
produces the abduction, just as in the common mechanical reciprocal 
movement, positive forward with spring return. The only evidence 
against this theory is that we would expect a certain percentage of the 
patients to show a later loss of motility of the ventricular bands or 
adventitious cords due to the subsequent paralysis of the crico-ary- 
tenoideus lateralis, and this did not occur. Whether or not this series 
of cases happened to include no case of later paralysis of the crico- 
arytenoideus lateralis it is impossible to say. So far as the ventricular 
bands are concerned it is by no means clear that a large part of their 
vicarious motility may not have been due to the drag of a muscular 
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synergistic combination of which the crico-arytenoideus lateralis is 
not a part. To what extent a movement of the thyroid and cricoid 
cartilages, one upon the other, contributed to the result I have been 
unable to determine. There is certainly a difference in the laryngo- 
scopic postoperative appearance of the cases here reported as compared 
to what I have called the “wooden” appearance of the paradoxical 
“living cadaveric” larynx. Part of this difference consists in the 
squeezing together of the upper laryngeal orifice in the ventriciilocordec- 
tomized larynx. The degree of this “orbicular narrowing,” as I have 
called it, is probably dependent somewhat on the. degree to which the 
ar}'tenoideus is innervated by the superior laryngeal nerve. The 
participation of th^'^fferve in the motility is probably subject to wide 
individual variaticLx'S, participating lai'gely in some and not at all in 
others. The superior laryngeal seemed not to be implicated in any of 
the cases in the series on which this article is based. 

Leaving all these theoretical considerations for future determina- 
tion, there can be no question as to the clinical fact that the phonetic, 
protective and expectorative condition of the patient is very much 
better than that of patients whose recurrent paralysis has reached the 
complete stage known as cadaveric. In view of this clinical fact, 
though founded on but seven cases, it becomes a question as to the 
advisability of delay after it is clear that the crico-^arytenoideus 
posticus will not resume its function. 


CASES SUITABLE FOR VENTRICULOCORDECTOAIY 

Innumerable failures to secure satisfactory results always follow 
operation in unsuitable cases. To this rule, ventriculocordectomy is 
no exception. It cannot be too emphatically stated that if success 
is expected from ventriculocordectomy alone its performance vwsi be 
limited to cases totally free from cicatricial stenosis.. At first thought 
it might, be considered strange that cicatricial stenosis could occur m 
case of true laryngeal paralysis. But it must be remembered that 
bilateral laryngeal paralysis usually occasions such a severe degree o 
dyspnea that tracheotomy is required, and unfortunately, as first 
pointed out by myself,® tracheotomy is usually performed too hig , 
hence a paralytic stenosis is usually followed by a cicatricial stenosis 
due to inflammatory reaction, perichondritis, chondral necrosis, divisio^ 
of the cricoid cartilage, etc.^ The latter error is little short o 
calamity. Not infrequently, the tracheotomy is in reality a laryngoton 

3. Jackson, Chevalier'; Binnie’s Regional Surgery, Philadelphia, P- 
iston’s Son & Co., 1915, pp. 401-473. 

4. Jackson, Chevalier: High Tracheotomy and Other Errors tie 
Causes of Chronic Laryngeal Stenosis. Surg., Gynec. & Obst. 32:o92 (i ai 
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and the tracheotomic cannula is actually inserted through the larynx.'* 
In many cases of laryngeal stenosis that have come to the Broncho- 
scopic Clinic, the cannula could be seen, by mirror laryngoscopy, lying 
between the cords, in a few even above the cords."* My only concern 
with these matters here is to state that while the new operation of 
ventriculocordectomy may secure a good result in a few such cases the 
success that I have obtained in seven cases in which there was no 
stenosis, save that due to the cord and its support,, has led me to the 
decision to apply the operation only in those cases of laryngeal paralysis 
in which a full-sized bronchoscope can be passed readily through 
the larynx and down to the carina. If future operators will follow 
this test in the selection of the cases and follow my technic before 
attempting deviations therefrom, I feel sure they will get -the same 
satisfactory results. In the selection of cases, naturally the recent 
cases, having some hope of recovery of laryngeal motility, would be 
excluded. Patients with only a moderate degree of dyspnea because 
the paralysis is monolateral in most cases had best wait the possible 
involvement of the other cord. During the waiting period, they should, 
of course, be in close touch with a tracheotomist for the emergency. 

The usually moderate degree of dyspnea Vvhen the cords have 
assumed the cadaveric position of complete paralysis usually does, not 
call for relief of laryngeal stenosis, unless it is of a cicatricial type due 
to errors in tracheotomy or its after-cure. Patients in whom but one 
cord at a time has been paralyzed and lias assumed the cadaveric 
■position present themselves with a bilateral cadaveric cordal position 
without ever having had a tracheotomy. In such cases, if the area of 
the glottis is insufficient, it may be increased by ventriculocordectomy on 
one or both sides. The operation is particularly adapted to the cases 
of laryngeal abductor paralysis associated with goiter or following 
goiter operations, because these patients have usually a long life 
expectancy. The same is true of cases resulting from benign neoplasms. 
In tabes and disseminated sclerosis, the expectancy may or may not 
be so long, according to the stage of the disease at which the paralysis 
appears in the bilateral form. Decision as to whether or not operation 
is worth while in such cases must rest upon this and upon the patient’s 
feeling in the matter after the situation Is stated to him. Ventriculo- 
cordectomy has the advantage over all other operations that relatively 
it is quite a minor one, with no prolonged after-treatment, such as 
is required by laryngostomy, hence it would seem well worth while 
in those early-discovered cases of tabes and disseminated sclerosis in 
which the laryngeal paralysis is several years in advance of the serious 
stages of the disease. In cases of aneurysm the same principles apply. 
In tumors and other intracranial lesions of grave prognosis, of course, 
no operation for decannulation is worth while. 



264 


ARCHIVES OF SURGERY 


CONTRAINDICATIONS 

Recent onset of the paralysis is a contraindication. Until a year 
has elapsed we cannot be sure that at least a degree of motility will 
not reappear. Such recovery is rare after six .months and probably 
never occurs in cases in which there is no sign of returning 'motility 
after the lapse of a year. The desirability of waiting applies to adults 
and, with even more force, to children. In the latter, I believe it 
justifiable to wait a year and a half, or even turn years. If tbe 
tracheotomy has been done sufficiently lew (below the second ring) 
and a daily toilet of the wound is carried out, there ivill be nothing 
lost by so long a wait. If the tracheotomy has been too high, as is 
almost always the case,^ a second tracheotomy should be perfornied' 
at the proper place and the fistula of the faulty high tracheotomy 
allowed to heal. Then there will be nothing lost by a wait of two 
years. Most of the spontaneous recoveries have been in children. 
George L. Richards reports an especially interesting case of this kind.® 
I have incomplete notes of eleven • such cases that have come to tlie 
Bronchoscopic Clinic. Of these eight were congenital. Of the latter, 
four were due to enlarged thymus gland, congenital goiter and 
mediastinal conditions. In the thymic cases recovery followed diminu- 
tion of the bulk of the gland by roentgen-ray therapy. One case was 
due to unknown causes. The other three I thought were due to injury 
of the recurrent laryngeal nerves during instrumental delivery. Two of 
these patients recovered cordal movement some months after 
tracheotomy. 


CASES IN WHICH THE CRICOID HAS BEEN DIVIDED 

It is a -great misfortune that tracheotomy is almost always badly 
performed. One of the most frequent errors is the division of the 
cricoid cartilage.^ This altogether unnecessary ■ and calamitous fault 
cannot be too strongly or too frequently condemned. The other cases 
in which the cricoid cartilage has been cut are those that reached the 
Bronchoscopic Clinic after an attempt at thyrotomy had been 
elsewhere to relieve the stenosis. . In these, also, cutting of the cricoi 
was a mistake. The cricoid is the only complete ring in the air passage, 
and it is like the steel-tube casing in a tunnel in maintaining the- u 
extent of all transverse diameters. When it is divided, and especia y 
when necrosis has shortened its perimeter, diminution of the lumen, 
is inevitable, not only from the concentric -pressure of the surroun mg 
tissues, but even more from the contraction of the internal and externa 
cicatrices that have resulted from the faulty surgery. 

5. Richards, G. L. : J. Lari^ngol., Rhinol. & Otol., October, 1906. 
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PRELIMINARY EXCLE^ON OF CURABLE SYPHILIS 

This is not required in two daSses of cases : 

1. Those in which there is a cadaveric position of the cords. In 
such cases resumption of motility has never occurred in my experience. 
The cadaveric position in most cases gives air enough so that relief 
of stenosis is not often imperatively demanded unless cicatricial stenosis 
has ‘been added with high tracheotomy. 

2. Those in which there is an obvious peripheral lesion, such as 
goiter or other tumor, or in which there is a history of onset after a 
cervical operation.- In all other cases, notwithstanding negative his- 
tories and negative Wassermann tests, a thorough course of yellow 
mercurous iodid of two months’ duration should precede decision 
to operate, the patient being kept “saturated” just under the point 
of ptyalism. In cases in which there is no laryngeal inflammation 
there is not the contraindication to potassium iodid that usually exists 
in laryngeal lesions' and there is a clear indication for its administra- 
tion in addition to, but not to the exclusion of, mercury. 

c ' 

ANATOMIC STRUCTURES SACRIFICED IN VENTRICULOCORDECTOMY 

Although very important to a normal larynx, these are of little 
importance in the hopelessly paralyzed larynx. • They may be considered 
under two heads, namely, the cord and the supporting tissue of the 
cord (Fig. 4). The cord proper, which consists of elastic tissue, ia-. 
by its vibration the chief factor in normal phonation. The loss of one 
cord in monolateral vehtriculocordectomy was followed by huskiness 
but not complete aphonia, even temporarily, except in one patient that 
quickly recovered a husky voice. In two cases, the monolateral 
operation ’gave the patient almost sufficient airway ; but for greater 
comfort and to allow a margin of safety during any future intercurrent 
acute laryngitis, the other side was also operated on. In all cases, the 
operation was performed first on one side, then, after healing, on the 
othfer. The most important element in the supporting tissue of the cord 
is the thyro-arytenoid muscle. As this muscle is, in the normal larynx, 
of use only as a tensor or relaxor, or, as I have thought, a nodal 
regulator of tension, it.'^ function concerns not so much the mere 
production of sound as the refinements of pitch and quality of tone. 
Furthermore, when we consider that it is usually paralyzed when we 
have a paralysis of the crico-arytenoideus posticus, the usefulness of 
the thyro-arytenoideus narrows down to the support its bulk affords 
for the cord; and as this bulk is the chief element in protruding the 
cord into the airway of the larynx, it becomes an element in the 
obstruction. When the completel}'^ paralyzed state of tonal deficienc}^ 
known as a cadaveric paralysis, is reached, its bulk is probably more 
or less diminished by atrophy; but these cadaveric cases are not the 



266 


ARCHIVES OF SURGERY 


cases in which ventriculocordectomy is called for. The other muscular 
structures in the operated region, ‘the cricothyroideus and the crico- 
arytenoideus lateralis, are located so far externally and are so pro- 
tected by the cartilages that with a little care and the use of the forceps 
as shown in Figure 5 they are unharmed in the operation. It has 



Fig. 4, — Schematic drawing of coronal section of the larynx showing the 
tissues removed in ventriculocordectomy. 



Fig, 5. — Technic of ventriculocordectomy: the ventricular band is ® 
and the forceps are applied beneath it to the cord and the entire . 

floor anterior to the vocal process and antero-external surface of the ary 
the tissues are excised at one clip. 
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seemed to me quite essential that they be left intact, and especially is 
this true of the cricothyroideus as it is innei-vated by the superior 
laryngeal, and hence its motility is unimpaired. With the cords gone, 
the importance of its functional activity might be questioned if it were 
not for the fact that in spite of an undoubted stenotic recurrent 
paralysis of long standing the tissues remaining in the larynx after 
ventriculocordectomy do show a certain amount of movement on 
“phonation” or attempts thereat, and the value of the postoperative 
vocal results seems to be more or less proportionate to the degree of 
movement. While this movement cannot be clearly demonstrated 
to be due to the activity of the cricothyroideus, this muscle can be 
distinctly felt to swell during forcible efforts at phonation; and, 
moreover, it is logical to preserve every unparalyzed muscle, regardless 
of the more or less theoretical nature of its function in the normal 
larynx. For these reasons also it has seemed to me that the crico- 
arytenoideus lateralis had better not be injured, notwithstanding the 
fact that, on theoretical grounds, it might be argued that as it is the 
unopposed action of this muscle that causes the stenosis when its 
antagonist is pai-alyzed there would be the same advantage in de- 
stroying it as accrues from the cadaveric state of the cord when the 
paralysis has reached the complete stage. Moreover, it has seemed to 
me, as elsewhere herein mentioned, that the resiliency of the scar 
tissue at the site of the excised cordal tissues furnished the reciprocal 
return after relaxation of the tonic contraction of the crico-arytenoideus 
lateralis (Fig. 3). One cannot close a shut door. The glottis remain- 
ing closed gives little work for the lateralis to do; but if a springlike 
action of the scar tissue tends to pull the glottis open, as I believe it 
does, the crico-arytenoideus lateralis has work to do that keeps it from 
atrophy; and the hundreds of pulls daily drag out, in time, an 
adventitious cord. 

TECHNIC 

No anesthetic, general or local, was used in children. In adults 
cocain was painted on with a swab and a sedative or morphin grain 
[0.016 gm.] ) was given, hypodermically, an hour before operation. 

The larynx was exposed with the direct laryngoscope and through 
it the punch forceps were inserted. The ventricular band was elevated 
and the forceps applied as shown in Figure 5. Thus the floor of the 
ventricle and part of the mucosa of its outer wall were removed at 
one clip. A clean cut is necessary. The tissues must not be hacked. 
In some cases the ventricular bands were in tight opposition, so that 
the forceps were insinuated between them before expanding the jaws. 
Great care should be taken to avoid getting too far outward between 
the thyroid and cricoid cartilages lest the crico-arytenoideus lateralis 
be injured. With the forceps used this accident is easily avoided. Great 
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care should also be taken not to. excise any part of the arytenoid 
cartilage. The clipping off at the extreme tip of the vocal process 
of the arytenoid was necessary in sorne of the cases because of the 
shortness of the cord ; but the excision of more than this is unnecessary 
and should be avoided. It may npt be amiss here to state that, judging 
from experience in post-graduate teaching at the Bronchoscopic Clinic, 
few laryngologists seem to realize how far the vocal process of the 
ar)denoid projects forward toward the anterior commissure.. 

The technic is so simple in theory that it can be understood from 
the illustrations (Figs. 4, 5 and 6). To perform the operation, however, 
requires education of the eye and the fingers in endoscopic technic. Of 
course, the excision of the cord and the ventricular floor can be done 
by laryngofissure ; but here we have, though not a serious operation, 
yet one that will appear much more formidable to the patient. I have 
always found patients glad that it is “unnecessary to go in through 


Ventricular 

band(ieftl 



Ciord. 
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Line of 
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Fig. 6. — Schematic dra^Ying of tissues removed in ventriculocordectomy, as 
could be seen through the direct laryngoscope (recumbent position) if the 
ventricular band did not obscure the view of the ventricular floor. The remova 
is in rounded form and anterior to the vocal process. After healing of one 
side, the other side is similarly operated on. 


the neck.” The assurance of an operation through the mouth, one 
that is no more disagreeable than having a tooth filled and one that 
will not require more than a minute, appeals strongly to the patient. 
Facility in direct laryngeal operating will enable the utmost accuracy 
of excision. . 

No after-treatment is necessary. The surface of the woun ’S 
covered with an exudate under which healing by granulation progresses^. 
In one case a granuloma, appeared at the site of the wound, t wa 
excised lest it later lessen the lumen of the airway. In two cases ti^^ 
was a slight degree of perichondritis after the excision of the 
cord and ventricular floor; but it subsided spontaneously in 
month. In one case the lumen of the airway w^as not quite su cie ^ , 


and prolonged treatment with the McKee divulsor was 


necessary to 
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increase it. Bouginage can be' used for this purpose after ventriculo- 
cordectomy, though it or any other form of dilatation is useless before 
removal of the obstructive cord and its supporting tissues. 


THE DURATION OF THE OPERATION AND AFTER-CARE 

The duration of the operation when performed endoscopically, on 
one side only, was never more than one minute, not counting the time 
required to paint on the cocain solution. -The healing has not required 
more than three weeks in most cases, and in some cases healing was 
completed in ten days. In some cases recurrent formation of granu- 
lomas had to be combated by excision and delayed for a number of 
months the operation on the other side. 

Decannulation is accomplished by the author’s system of corking. 
When the laryngeal airway seems ample, the partial corking of the 
cannula is commenced. Ordinary corks, either of bark or rubber, are 




Fig. 7. — Plastic operation for closing a tracheotomic fistula. 


friable and involve risk of aspiration of fragments. A chemist’s cork 
of good rubber, with a central perforation, is sometimes obtainable 
to fit an adult cannula; but for general use it is better to get what is 
known to the rubber trade as "pure cord” of suitable diameter, and 
from this to grind a proper cork on an emery wheel.® One side is 
ground off flat or grooved to permit leakage of air past the cork to 
the desired degree. At the Bronchoscopic Clinic we usually start with 
a “half-cork.” New corks are then made from time to tim? with less 
■ and less by-passage space until a “whole cork,” completely occluding 
the cannula, can be worn night and day. The cork is worn in the outer 
cannula and for convenience the cork has a braided silk tether to 
prevent loss. With a proper cannula there is plenty of room around it 
in the trachea for the air to pass upward to the larynx without the 

6. Jackson, Chevalier: Treatment of Larj-ngeal Stenosis bj’ Corking the 
Tracheotomic Cannula, Laryngoscope 29:1 (Jan.) 1919. 
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very objectionable fenestrum. The cannula should not' be abandoned 
until after the patient has been able to wear a “full-cork” night and 
day for a month. Parenthetically, it may be stated the cork is fre- 
quently removed for cleansing and the cannula is replaced by its 
sterilized duplicate daily. The daily toilet of a tracheotomic cannulated 
fistula is necessary not only for decent cleanliness, but to prevent irrita- 
tion and inflammatory thickening with inevitable subsequent cicatricial 
contraction. 

PLASTIC CLOSURE OF THE TRACHEOTOMIC FISTULA 

If in six months after decannulation, a fistula remains open and the 
laryngeal lumen is ample, the fistula may be closed by a plastic operation 
if the patient so desires. After having worn a tracheotomic cannula 
for a long time the fistula has a firm cicatricial wall with more or less 
epithelialized surfaces that will not unite, though contraction of the 
cicatricial walls usually narrows the lumen until the leakage of air 
and secretions is trivial. Of the many plans of closure none is so 
simple and effective as that shown in Figure 7. The fistula is dissected 
free in tube-like form, drawn out, ligated close to the trachea and cut 
off to a very short stump, which may be touched with pure phenol 
(carbolic acid). The soft tissues are then drawn together over the 
stump with deep sutures and the skin wound is closed by sutures 
without drainage. , Primary union is to be expected and’ only rarely 
will the wound open and leakage be reestablished. In the latter case 
reoperation will be effective. 

MORTALITY AND RESULTS 

In the series of. eighteen cases of bilateral recurrent paralysis ni 
which I performed an endoscopic ventriculocordectomy there was no 
operative mortality and no later mortality. All patients were ultimately 
relieved of dyspnea. The vocal, protective and expectorative results 
are considered above. 

REPORT OF CASES 

In eleven of the eighteen cases in which I did ventriculocordectomy 
the operation failed to restore an ample lumen and the operation a 
to be supplemented by other means — bouginage, laryngostomy 
bation — because the paralytic stenosis had been complicated y 
cicatricial stenosis due to high tracheotomy, faulty after-care, improper^^ 
shaped or fenestrated cannulas, etc. It would be misleading to 
these as failures of ventriculocordectomy, inasmuch as they 
I learned, not the kind of case in which to expect a cure y 
operation alone. In view of this, and considering the space 
it seems best for illustrative purposes to report here only those ca. 
to which the operation was suitable. 
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Case 1. — Bilateral Recurrent Paralysis Due to Goiter. — A woman, aged 31, 
from whom a goiter had been removed two years prior to admission, and who 
was said to have been in imminent danger of asphyxia on the operating table, 
required tracheotomy the night after operation to relieve severe dyspnea. No 
laryngoscopic examination had been made before operation. On admission to 
the Bronchoscopic Clinic for decarinulation, mirror examination revealed not 
the slightest abduction on inspiration ; but there was a slight flutter of the 
arytenoids on attempted phonation. This I thought might be due to retention 
of some degree of innervation of the crico-arytenoideus lateralis and thyro- 
arytenoideus. I therefore advised waiting in hope of resumption of function of 
the crico-arytenoideus posticus. After a year, the conditions in the larynx 
were precisely the same, the flutter being of about the same degree; and 
there seemed no progress toward complete or cadaveric paralysis. The 
cricothyroideus could be felt contracting on forced attempts at phonation. 
Bronchoscopy revealed no obstruction other than the paralyzed cords. Ven- 
triculocordectomy was performed, first on one side and then on the other, 
after three weeks’ interval. The patient was decannulated six months later 
and a plastic operation was performed to close the fistula. 'The voice was a 
loud “stage whisper.” There was no return of the stenosis o'ne year after 
operation; but the voice had not improved beyond the “stage whisper.” The 
cricothyroideus could be felt powerfully contracting on attempted phonation. 

Case 2. — Bilateral Recurrent Paralysis Due to Goiter. — A woman, aged 32, 
in whom removal of a goiter two years before admission had failed to restore 
movement to the cords, was sent in for decannulation. Mirror examination 
showed the true cords almost motionless in the median line. Phonation was 
excellent, but seemed to be deepened in pitch by the failur.e of perfect tension 
and approximation, one being slightly above the other. The ventricular bands 
had a degree of movement which led me to advise waiting at least a year in 
the hope that abduction of the cords might in some degree return. At the end 
of fourteen months, not the slightest improvement of motility was noticeable 
in the true cords; the movement in the ventricular bands was, if anything, 
rather less. Bronchoscopy excluded the possibility of cicatricial stenosis. 
Ventriculocordectomy enabled me to decannulate this patient with a good vocal 
result and a cure of the stenosis that was still satisfactory to the patient 
when she was last seen one year after operation. A pair of adventitious 
bands, with fairly good movements, had appeared at about the level of the 
original cords. The laryngeal function in cough and expectoration seemed 
good during an intercurrent acute tracheobronchitis. 

Case 3. — Bilateral Abductor Laryngeal Paralysis Due to Goiter. — A woman, 
aged 42, had suffered from severe dyspnea that had come on suddenl 3 '’ eighteen 
months before. Tracheotomy had been performed by a general surgeon at 
that time, and shortly thereafter he performed a thyroidectomy for a large 
retrotracheal goiter. Since the larjmgeal stenosis continued, the patient was 
referred to me for decannulation. Mirror examination showed both cords 
incapable of abduction, but remaining separated about 1 mm. On phonation 
they would approximate and emit a fairlj' loud sound of rather deep register 
and rough qualitjc A 9-mm. bronchoscope was passed through the larynx and 
down to the tracheal bifurcation without encountering any abnormal resistance. 
Ventriculocordectomy was performed on the right side through the direct lar- 
yngoscope after applying to the larynx one swab moistened with 10 per cent, 
cocain solution. Two months later, the same operation was performed on the 
left side. The first operation enabled the patient to wear a “half-cork;” the 
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second operation, after the lapse of four weeks, allowed the patient to wear 
the tracheotomic cannula completely corked when sleeping or when going about 
slowly. At the end of one year, the narrowest part of the laryngeal airway 
was even wider than when the patient was discharged, and she had a voice 
quite as loud as before the laryngeal operation. The pitch was much deeper. 
Phonation was with the ventricular bands.' When last seen, five years later, 
the laryngeal stenosis had not recurred. The cannula had been abandoned. 
A slight fistula remained, but the patient declined to have me perform a 
plastic operation for closure. 

Case 4. — Paralytic Laryngeal Stenosis, Cause Unknown. — A man, aged 38, 
.was admitted suffering with extreme dyspnea. All of his time and attention 
had to be given to voluntarily controlled breathing, so that he could neither 
eat nor sleep. Any attempt at deep or quick inspiration prevented any air 
from entering. Low tracheotomy was performed by . me immediately. The 
cords were in close approximation. Careful study and observation of this 
case by internists and roentgenologists, extending over two years’ time, failed 
to disclose any c^use for the abductor paralysis. No sigh or, symptom of any 
peripheral or central lesion could be discovered. ‘Ventriculocordectomy was 
performed on one side, then on the other, three months later. Recurrent forma- 
tion of granulomas delayed the performance of the second operation. A good, 
but very deep, voice resulted. Phonation was with the ventricular bands, the 
movement on phonation being a narrowing of the whole upper laryngeal orifice 
with close approximation of the free edges of the ventricular bands. When 
about to speak, the patient always dropped the head and neck slightly down- • 
ward to one side, and the muscles of the whole neck seemed to be contracted. 
At the end of two years after operation, there was no return of the stenosis 
and the. cause of the bilateral paralysis still remained undetermined. 

Case S. — Bilateral Abductor Paralysis Probably Due to Contraction oj 
Cervical Scars. — A man, aged 28, had had a tracheotomy performed fifteen 
months before admission. Masses of tuberculous (?) glands had been removed 
from the neck two years before the dyspnea developed. The lungs showed no 
signs of active tuberculosis. Mirror laryngoscopy revealed a separation of 
the cords of about 2 mm. on quiet respiration ; on phonation they moved 
slightly toward the median line, but did not quite approximate. The voice 
was rough and deep. There was no infiltration anywhere in thP larynx an 
an adult bronchoscope passed freely to the bifurcation. The trachea and bronc i 
were normal. Ventriculocordectomy performed on one side at a time ena e 
the patient to dispense with the tracheotomic cannula. One year after opera 
tion, the voice was loud, but rough and high pitched. Adventitious cor s 
developed on both sides, which showed a degree of motility; but 
yngeal examination during phonation, the sound seemed to be produce 
the ventricular bands. - . , 

Case 6. — Congenital Laryngeal Stridor Due to Paralysis. — L. baby, 
as a “blue baby,” three days after forceps delivery, was examined in 
tion. I observed that the intense dyspnea was clearly obstructive m c 
acter. The direct laryngoscope revealed close contact of the cords, 
tion ceased. The bronchoscope, which was in readiness, was promptly mse 
and respiration was reestablished by a few compressions of the chest wi 
V hand. I then performed a tracheotomy with the bronchoscope^ stil 
As I had previously tracheotomized a number of patients with 
laryngeal stridor due to. paralysis from the trauma of forceps delivery, a^^^^ 
had. all completely recovered, I was surprised in this case to find at ’ 
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of a year and a half that the child coiild not be decannulated, the direct larjni- 
goscopic .appearances being about the same as when first examined. With 
a four weeks’ interval between, I performed a ventriculocordectomy on each 
side. When seen one year later the child could cry almost as loudly as any 
child of its age. Direct laryngoscopy revealed a pair of adventitious cords 
closely resembling normal cords in color, but with a less range 'of motion. 
When the laryngoscope was introduced, the laryngeal orifice was closed tightly 
by the ventricular bands. When a deep inspiration took place, with the 
tracheotomic cannula corked, the ventricular bands would separate arid reveal 
the adventitious cords. The mechanism of the cordal movement could not be 
determined. On theoretical grounds, I assumed that it was the result of 
activity of the crico-arytenoideus lateralis opposed by the resiliency of the 
scar tissue, at the site of the operation, though the patient being a child I 
could not be sure that some degree of movement had not returned in the crico- 
arytenoideus posticus. A movement of the thyroid and cricoid cartilages in 
relation to each other may have contributed, as may also contraction of the 
arytenoideus. - - 

Case 7. — Tabetic Bilateral Abductor Paralysis . — A man, aged 56, after 
exposure, overnight in the rain during alcoholic stupor, six months before 
admission, discovered that he was very' hoarse. The night before admission 
he awoke struggling for air. He thought he would “choke to death” before 
morning. He was carried into the hospital sitting upright on the gripped 
hands and wrists of two men, keeping himself upright by holding to their 
shoulders with his hands. He had fallen from weakness, becoming “blind” 
and almost unconscious, on attempting to walk. He was blue-black in color 
and the stridor could be heard all along the corridor. He was carried to the 
operating room, repeating X)ver and over, “Don’t, lay me down; I’ll choke.” 
For temporary relief I inserted a bronchoscope while he was in the sitting 
position to avoid laying him down. To attempt. even local anesthesia would 
have been a fatal mistake and would have been quite unnecessary. ' The 
bronchoscope completely relieved the dyspnea and went deeply into the trachea 
without resistance. It was noted that the larynx was engorged with cyanotic 
blood; the cords were in contact, but not otherwise abnormal. I then per- 
formed a low tracheotomy with the bronchoscope in situ. The next day the 
patient was examined thoroughly; the station, gait and reflexes pointed clearly 
to a tabes that evidently had antedated the paralysis of the first cord, which 
probably was the cause of the hoarseness noticed six months previously. The 
Wassermann examination was negative. Spinal fluid Wassermann examina- 
tions were not then in vogue. Rest, mercurial iodids, good food and absten- 
tion from alcohol in six months had so greatly improved all the tabetic symp- 
toms that only careful examination could demonstrate them. The patient was 
very desirous of getting rid of the cannula. He stated that even if he had 
only a few years to live he did not “want to live this way.” At the end of a 
year after the tracheotomy, there being no improvement in the laryngeal 
stenosis and no exacerbation of the tabetic symptoms, I consented to perform 
a ventriculocordectomy. One side was operated on at a time, three weeks 
intervening between the two. During an attack of infective epidemic tracheo- 
bronchitis the patient could cough and expectorate as well as before operation. 
The voice, at first a ^vhisper,. became a “stage whisper” in a few months. When 
last seen, about a j'ear after operation, he was able to phonate so as to be 
heard in the adjoining room. The tabes had progressed somewhat in spite 
of constant treatment. 
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CONCLUSIONS 

1. In ventriculocordectohiy I believe we have a simple endoscopic 
operation that can be performed under local anesthesia and thai will 
cure almost every patient wdth laryngeal stenosis that is due solely 
to abductor paralysis, if the case is not complicated by a faulty 
tracheotomy, 

2. Ventriculocordectomy is indicated in cases of stenosis resulting 
from a hopelessly paralyzed larynx. 

3. This or any other form of operative clearing of the airway is 
contraindicated in the first six months of abductor laryngeal paralysis. 
In most cases it is wise to wait a year. 

4. The best means of afifotding relief of dyspnea and safety of the 
patient during this w^aiting period is b}' prompt low tracheotomy. High 
tracheotomy is the cause of more cases of cicatricial laryngeal stenosis 
than any other one thing. With a low tracheotomy, a pair of proper 
cannulas and a daily toilet of the fistula, there is nothing lost by waiting. 

5. Out of eighteen cases in which ventriculocordectomy was per- 
formed the seven that Avere uncomplicated by cicatricial stenosis were 
afforded satisfactory relief of dyspnea by this procedure alone. One 
required divulsion in addition, 

6. The chief functions of the larynx are phonetic, protective and- 
expectorative. Considered in the light of the degree of preservation of 
these functions, ventriculocordectomy not only surpasses any previously 
devised operation, but is simply'^ ideal for those cases in which neural 
and muscular atrophy has rendered resumption of normal cordal 
motility hopeless by either spontaneous recovery or neuroplastic surgery. 

128 South Tenth Street. 



PAPILLOMA OF THE LARYNX IN CHILDREN 

A REPORT OF ELEVEN CASES * 

S. J. CROWE, M.D., AND • M. L. BREITSTEIN, ALD. 

• BALTIMORE 

Virchow/ in 1863, and later Stoerk,- in ISSO, classified laryngeal 
‘papilloma as a benign tumor of connective tissue origin and suggested 
that the generic name for the tumor should be “fibroma,” with the 
term “papillary” used as a descriptive adjective. This led to a long 
controversy as to whether there should be any pathologic distinction 
between a true papilloma of connective tissue origin and a papillary 
hypertrophy of epithelial origin. 

It may be difficult to distinguish between these conditions histo- 
logically j but clinically, the difference is very striking. Papillary hyper- 
trophy is commonly seen in adults; is almost invariably located in the 
posterior half of the larynx, and is the result of a chronic irritation of 
the mucous membrane due to syphilis, tuberculosis or a long-standing 
catarrhal inflammation. The true papilloma, on the other hand, is 
most frequently found in young children and is sometimes congenital. 
The growth may arise from the vocal cords or from any part of the 
mucous membrane of the epiglottis, larynx or trachea. Its most strik- 
ing characteristic is the rapid recurrence after removal and the tendency 
to transplant itself to any adjoining area of mucous membrane that 
may be injured during operation. 

Microscopically, the papilloma consists of a branched connective 
tissue framework, which is well developed in the flatter types but less 
marked in the more elongated types of the growth. This connective 
tissue framework contains arteries and veins, and, according to Harmon 
Smith, nerve fibers. The outer layers of epithelium vary in type and 
thickness. Sometimes, there are many layers of squamous cells, with 
a typical horny layer on the surface, while in other specimens, the 
epithelium is columnar. The size and arrangement of the cells, the 
appearance of the nuclei, the presence of a basement membrane, and 
the absence of invasion into the central connective tissue framework 
all differentiate the benign from the malignant papilloma. These 
changes should be particularly looked for at the point of attachment of 
the tumor. 


*Froiii the Surgical Clinic of the Johns Hopkins Hospital. 

1. Virchow: Die krankhaflen Geschwiilste, Berlin 1:1863. Spec. Path. u. 
Thcrap., Nothnagel 13:234. 

2. Stoerk, Carl : Klinik der Kraiikheiten des Kehlkopfes, der Xase und des 
Rachens, Stuttgart. 1880. p. 396. 
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Schrotter ^ offers an interesting explanation for the retrogressive 
changes that may account for the spontaneous disappearance of a papil- 
loma. He believes that the location of the tumor and its mobility result 
in an injury to the delicate vessels that supply it. The injury may be 
in the form of a ruptured vessel with an extravasation of blood 
throughout the connective tissue framework, or a twisted pedicle that 
leads to thrombosis. He describes specimens in which there are accumu- 
lations of yellowish brown pigment and isolated fat droplets. 

Unlike' the benign papillary tumor of the larynx in adults, this, 
type of growth in children is very difficult to cure. The difficulties of 
treatment by operative removal are due to: (1) the small lumen of 
the larynx and trachea in children; (2) the tendency. of the growth to 
recur locally after excision and, in addition, to transplant itself to 
adjoining areas of mucous membi'ane that were free from growth before 
the operation, and (3) the necessity for tracheotomy in nearly every 
case. As a rule, the tracheal tube must remain in place for months or 
years and this may further complicate the cure of these cases, as will 
be more full}'’ discussed later. 

Fortunately, laryngeal papilloma is not common in- children; but 
unless it is recognized early and treated intelligently and conservatively, 
it is certain to result either in death frorn suffocation or in a fibrous 
stenosis of the larynx. The rarity of the affection is 'shown by the 
following statistics: Rosenberg, in 1896, from Frankel’s 'clinic in 
Berlin, reported sixteen cases of .papilloma of the larynx that had been 
observed in a series of 5,808 children under 13 years of age. Schrotter 
found only ten cases among 7,324 children under 10 years of age. 
Only tAventy-three cases w'ere seen in Chiari’s clinic in Vienna dun 
ing the tw'enty years from 1892 to 1912. The records of the Massa- 
chusetts General Hospital ^ indicate that the incidence of papilloma o 
the larynx is approximately 1 : 1,000 in children under 14 years o 
age. Harmon Smith,® in 1914, reported the eight cases that hac 
been seen at the Manhattan Eye, Ear and Throat Hospital during a 
period of fifteen years. At the Johns Hopkins Hospital, we have seen, 
since 1912, only eleven cases. A review of the literature in ica 
that the mortality rate of papilloma of the larynx in children un e^ 

5 years of age is equal to, if not greater than, that of carcinoma 
the larynx in adults. ' • . 


3. Schrotter, L. : Vorlesungen iiber die Krankheiten des Kehlkopfes, Vienn , 

W. Braumuller, 1892, p. 269. Wrhnschr. 

4. Chiari, O.: Papillorne im Larynx der Kinder, Wien. med. vv 


63:2468-2475, 1913. Laryn. 

5. Clark, J. P.: Papilloma of the Larynx in Children, Tr. Ain- 

Assn. 27:185-199. 1905. <5^.2207-2211 

6. Smith, Harmon: Papilloma of the Larynx, J. A. M. A. 


(Dec. 19) 1914. 
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The papilloma, while rare, is still the most common type of new 
growth in the larynx of children. This growth may appear at any 
age, and according to Gerhardt " approximately one fifth of the cases 
in young children are congenital. Boys are more frequently affected 
than girls. In our series, every case was in a boy. 

Nothing definite is known concerning the etiology. . The infectious 
diseases that are associated with a lesion on the mucous membrane of 
the upper air passage, such as measles, chickenpox, scarlet fever and 
diphtheria, and the diseases that cause excessive coughing, are all 
regarded as etiologic factors. The general hygienic surroundings of 
the child may be of etiologic importance. All of our cases were from 
the class of people that apply to the free dispensary for treatment. 
Children of this class are exposed to dust, extremes of heat and cold, 
are improperly fed and are certainly more prone to chronic catarrhal 
conditions of the upper air passage than are the children that receive 
better care. It has never been proved that syphilis, tuberculosis or 
gonorrhea are responsible for the presence of these growths in new- 
born infants. 

Possibly the best method of gaining a clear idea of the seriousness 
of this condition in children and the successes and failures of the 
various methods of treatment is to relate in some detail the clinical 
experience of laryngologists in this country and in Europe. 

Elterich ® reports the case of a child, aged 2 years, with complete 
aphonia, and a history of hoarseness and attacks of dyspnea that were 
first noticed at 7 months of age. The parents would not consent to an 
operation of any kind ; and a few days later the child died of asphyxia 
before a physician could reach the home. The larynx and upper part 
of the trachea were opened .and found to be almost entirely occluded 
with papillomatous growths. 

Broca and Roland ® conclude that no method of treatment is satis- 
factor}^ in all cases. The papillomas of the larynx come and go in the 
arbitrar}^ and mysterious manner of warts on the skin. They sprout 
as if grown from seed sown by the primary source and behave in the 
larynx in much the same way as do papillomas in the bladder. Removal 
of the growths through the mouth is preferable to any other method 
of treatment ; but, as a rule, the operation must be repeated during 
months or even years. Even if the growth is cured by tracheotomy, 
thyrotomy or laryngostomy, a fibrous stricture of the larynx often 
necessitates a permanent tracheotomy or, at least, a long and tedious 

7. Gerhardt: Kehlkopfgeschwiilste, Spec. Path. u. Therap., Nothnagel 13:16. 

8. Elterich. T. J. : Papillomata of the Larvnx in an Infant, -Arcli. Pediat. 
21:840-843. 1904. 

9. Broca and Roland: Traitment des papillomes dn larynx chez I’enfant. 
Rev. de chir. 43:281-301. 19]]. 
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series of treatments in order to reestablish breathing through the nor- 
mal passages. 

In addition to the danger of suffocation from the growth, there is 
danger of a suddenly fatal inhibiting reflex. Broca and Roland quote a 
case of papilloma of the larynx reported by Boris Frankel, in which 
a child of 6 , with, no history of dyspnea, developed symptoms of 
laryngeal obstruction suddenly during the night and died within a few 
minutes. They also give the statistics of the forty-eight cases com- 
piled by P. Bruns : More than half the children died before the age 
of 3, and only five reached the age of 10 without operation. 

The spontaneous subsidence of the papilloma may explain the cure 
in some cases; and the possibility of this justifies expectant treatment 
for a reasonable time after tracheotomy. 

We agree with the following generalizations of Broca and Roland. 
If a child has dyspnea, a tracheotomy should be performed as soon as 
the condition is recognized, and should j^recede all other therapeutic 
measures. It is of the greatest importance to hear in mind two points; 

(1) The tracheotomy must always be performed under local anesthesia. 

(2) The opening in the trachea must be midway between the isthmus 
of the thyroid- and the top of the sterum. The reasons for these two 
points are fully discussed later. 

McCoy reports the case of a hoy, aged 5 years, whom he saw in 
October, 1912. There was a history of increasing hoarseness for two 
years, and dyspnea for six months. 

Oct. 10, 1912, under chloroform anesthesia, a large mass of papil- 
loma was removed with the aid of a direct laryngoscope. The entire 
larynx was involved, both above and below the cords. The respira- 
tion became practically normal after the operation. 

October 19, operation was again necessary on account of the 
rapidly increasing dyspnea. Tracheotomy was performed and again 
large masses of papilloma were removed by endolaryngeal methods. 

March 17, 1913, the entire larynx was filled with growth. It was 
decided to try the combination of surgical removal and fulguration. 
The growths were excised and their point of attachment fulgurate , 
once each month, from March, 1913, to June, 191,4. The traciea 
tube which had been worn for fifteen months was removed in Jun , 
1914; and at the time of the last note, four months later, there wa^ 
considerable hypertrophy of the laryngeal tissues but no recurrence 
the papilloma. 

This case illustrates the marked tendency of these growths 
after surgical removal. In general, it is not advisable to use 
form, when a series of operations is necessary, on account o 

10. McCoy, J. B.: A Case of Multiple Laryngeal ^9lS. 

Treated by Direct Laryngoplasty and Fulguration, Infernat. J. 8. 
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toxic ef¥ect; but, in this case, it was the only general anesthetic that 
would permit the use of the high frequency spark. 

Our experience has shown that it is always wise to leave the 
tracheal tube in place for several months after the papillomas have 
apparently disappeared. One of our patients (Case 3) died on the 
train on which he was returning to Baltimore. In this case, the growths 
had been removed; their points of attachment fulgurated on four 
occasiqns, and, finally, the interior of the larynx treated with 100 mg. 
of radium on two occasions, once for one hour and again for one and 
one-half hours. On direct inspection, the larynx seemed to be free 
from growths, and the tracheal, tube was removed. Dyspnea came on 
suddenly, six months later, and the child died before he could reach 
the hospital; Necropsy demonstrated that the entire larynx was filled 
with growths. 

Harris^’- reports the, case of a boy, aged 11, who was suspected 
of having tuberculosis on account of dyspnea, hoarseness and fever. 
There was a history of measles and pneumonia; but otherwise he had 
always been well. The examination of the chest was negative. A 
papilloma situated below the vocal cords was discovered on direct 
laryngeal examination. Attempts to remove the tumor endolaryngeally 
under local anesthesia, and later under ether, were not successful. It 
was decided to remove the growth by an external operation ; but before 
they were ready to open the trachea, the child stopped breathing and 
an' emergency tracheotomy through the cricothyroid membrane was 
necessary. Further operation was then abandoned, and the patient was 
returned to the ward. It was feared that a permanent cicatricial 
stenosis would result on account of the high tracheotomy. Two months 
later, however,, the edema had subsided and it was found that the 
growth had disappeared. ' The tube was removed. The voice became 
clear and strong, and, at the time of the last note, he was apparently 
well. 

This case emphasizes the danger of giving a general anesthetic to 
a patient with an obstruction anywhere in the trachea or larynx. Tlie 
tracheotomy must always be performed under local anesthesia. 

Other cases have been reported in which the growth disappeared 
after a tracheotomy; but, in the great majority of the reports, additional 
measures have been necessary. The fact should not be ignored, however, 
that some of these children have been cured by tracheotomy alone; 
this suggests a safe, simple and conservative form of treatment. 

In Sargnon’s case, that of a child, aged 5, there was a history of 
dyspnea for one and one-half years and recently attacks of suffocation. 

11. Harris, T. J. : A Case of Subglottic Papilloma Cured by Laryngotracheal 
Fistula, Tr. Am. Laryngol. Assn. 30:28-31, 1908. 

12. Sargnon : Papillomes recidivants du laryn.x; papillomes intratbora- 
aciques; curettages endoscopiques, Lyon med. 114:1003. 1910. 
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Under general anesthesia, the papillomas were removed through the 
mouth, on several occasions. After each operation, they recurred 
rapidly and finally involved the epiglottis and the subglottic area, which 
were originally free from growth. A tracheotomy tube was then 
introduced ; but in a short time, the papillomas had grown downward 
into the trachea to such an extent that further measures were necessary. 
Sargnon n^^atedly removed the growths in the trachea,, using a local 
anesthetic ana^?».^onchoscopic tube. After each operation, they recurred 
and involved the uitsslaea..at a lower level. Finally, the left bronchus 
was involved; and in spite of frequent operations,-. the child died. 

Fortunately, not all cases of papilloma of tlie larynx exhibit this 
tendency to spread. Some of the benign papillomas of the urinary 
bladder in the adult transplant themselves to apparently normal mucous 
membrane after surgical removal of the original growth, and each 
operation results in an increase, until finally the bladder is filled with 
tumor. These bladder papillomas are now cured by fulguration or 
radium applied through a cystoscope. It was hoped that similar 
measures would be equally successful in the treatment of laryngeal 
papilloma. 

The local application of radium is perhaps the best method of 
treatment for a benign papilloma of the larynx in an adult; but in 
•'.hildren, both fulguration and radium have so far. given- disappointing 
results. It is probable, however, that further experience with the use 
of radium in these cases will establish a more suitable dosage and 
method of application than we now possess. 

Payson Clark ® reports fourteen cases from the Massachusetts 
General Hospital. Of these, nine were in boys and five were in girls. 
The symptoms dated from birth in one- case; and in another, the 
trouble was first noted when the child was 3 months of age. Of the 
remainder, five were under 2 years of age. Treatment without previous 
tracheotomy was attempted in four cases. One of the children die^ 
during the operation; one never returned after the first operation,, 
one was cured, and in one, after several successful operations, an 
emergency tracheotomy was necessary for a sudden attack 
Preliminary tracheotomy was performed in each of the remaining ^ 
cases. Of these patients, four died, three of pneumonia and one o^ 
suffocation, due to a recurrence of the growth after the u 

been apparently cured and the tube removed. In a later paper, ar 
Mves the details of some cases that well illustrate the, difficu tie 

o 

treatment. 

In Case -9, that of a boy, aged 6 years, who had suffered from 
and dyspnea for one jmar, tracheotomj'-, with removal of the papi om 

13. Clark, J. P. : Papilloma of the Larynx in Children— A Further Co 
eration of the Subject, Tr. Am. Laryn. Assn. 30:283-299, 1908. 
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the mouth, was performed in February, 1901. In October, 1901, the laryn.x 
was again filled with growth. Large masses of papilloma were removed. 
February, 1902, no papilloma was found above the vocal cords; but there 
was a large mass below the cords. Nothing was done. Frequent examina- 
tions during the next two years shpwed that the growth was slowly diminish- 
ing in size. ‘In June, 1905, under ether anesthesia, the remaining growths 
were removed from the larynx and trachea by means of a Killian tube intro- 
duced through the tracheotomy opening. March, 1906, the larynx and trachea 
were free from growth. The tracheotomy tube was removed, and the tracheal 
opening closed. Two years later, there was no recurrence. 

In Case 10, that of a boy, aged 9 j'ears, with a history of hoarseness for 
six months and dyspnea for two weeks, tracheotomy was performed in August, 
1904; but no growth was removed at this time. In September, 1904, and Feb- 
ruary, 1905, large masses of papilloma were removed; but they rapidly 
recurred, and further operation was abandoned. Maj', 1906, the growths in 
the larynx had shown no tendency to spread and had not increased in size. 
Under ether anesthesia, the remaining papillomas were removed. The tube 
was removed after having been worn for one 3 ’ear and nine months. June, 
1907, there had been no recurrence. The vocal cords were normal in appear- 
ance and the voice was good. 

In Case 14, that of a girl, aged 2 j'ears, with' a history of hoarseness and 
d 3 'spnea, and in whom the lar 3 'nx was almost filled with papillomas, a trache- 
otomy was performed in August, 1904. In October, 1904, the growth 3 vas thor- 
oughly removed through the mouth; In Februar 3 ', 1905, the larynx was again 
filled with growth, so it was decided that further operation at that time was 
not advisable. In September, 1905, papilloma was appearing at the tracheal 
opening when the tube was. removed. No operation was performed. In 
Januar 3 ’, 1906, while changing the tube, the child was nearly asphyxiated, 
owing to closure of the tracheal opening with papilloma. A portion of the 
growth was removed. In March, 1907, Ju^', 1907, and February, 1908, it was 
necessary to remove the growth around the tracheal opening. In April, 1908, 
the growth had not recurred in the trachea. The tube was removed. In 
September, 1908, the larynx and trachea were free from growth. 

These cases shotv that a cure may be obtained without recourse to 
radical surgical operations. Our experience has convinced us that an 
external operation for papilloma of the larynx in children is never 
justifiable. The growth may be cured by this method ; but a stenosis 
of tlie larynx results. 

An early tracheotomy is necessary. The growtli should be removed 
through the mouth and under direct tdsion. A Jackson laryngoscope 
or a swinging laryngoscopy apparatus may be used. Care must be 
taken not to injure the surrounding mucous membrane. Even spong- 
ing with gauze or cotton will, in some cases, result in a spread of the 
growth. Actual or chemical cauterization should be avoided ; they will 
not prevent recurrence, and will result in scarring or stricture. 

Tracheotom)’-, removal of the growths when necessary, the careful 
use of the roentgen ra}' and radium, general hygienic measures, and, 
above all things, patience, are the essential features in the therapy 
of papilloma of the larynx in children. 
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Harmon Smith® reports the case of a boy, aged 3i/^ years, who 
. had complained of severe attacks of hoarseness and dyspnea for 
eighteen months and in whom the entire larynx was filled with 
papillomas. 

From July 11 to Sept. 12, 1912, the growths were fulgurated on 
six occasions under chloroform anesthesia. After each of these 
treatments, the tumors would disappear but would recur rapidly. 
September 12, it was decided to make a severe test of this method of 
treatment. The local reaction, however, was so marked that a trache- 
otomy was necessary five days later. The larynx was then treated 
with another series of fulgurations, but with no permanent benefit. 
Jan. 20, 1913, about 4 a. m., the child pulled’ out the tracheotomy tube 
and died from asphyxia before the house surgeon could reach the ^yard. 

We could add an indefinite number of cases from the literature 
on this subject ; but these few illustrate clearly the difficulties 
encountered in the treatment of this condition. 


TRACHEOTOMY IN CHILDREN 


The one important method of treatment of papilloma of the larynx 
is the introduction of a tracheal tube. Before discussing this, how- 
ever, in relation to the treatment of papilloma of the larynx 'in children, 
we will digress from our original topic long enough to point out the 
dangers and complications that may arise from this apparently simple 
operation. 

Chevalier Jackson has recently called attention very forcibly to 
the discouraging end-results of the tracheotomies that have been 
successful in their primary object of tiding the patient over a critical 
period. He states that throughout the period of thirty-four years m 
which he has been interested in the treatment of chronic laryngeal 
stenosis, at least five sixths of the total number of his cases of chronic 
stenosis have been due to faulty tracheotomy or improper postoperatne 
care. This is in marked contrast to the results in his own series m 
which more than 100 patients were tracheotomized for some acute 
laryngeal condition without the occurrence of a single case of chronic 
laryngeal stenosis as an end-result. In other words, if a tracheal tu e 
is properly inserted, it will not only save the patient s life, but wi^ 
prevent the months or years of tedious and painful treatment t at ar 
often necessary in order to remove the tube and reestablish breatu 
through the larynx. . 

The main points to bear in mind in order to perform a 
tracheotomy are: 

14. Jackson, Chevalier: .High Tracheotom}' and Other g*2;392.39S 

Causes of Chronic Laryngeal Stenosis, Surg., Gynec. & O s . 

(May) 1921. 
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1. A patient with obstructive dyspnea should never be given a 
general anesthesic in order to introduce a tracheal tube. Jackson 
states that of the thirty surgical textbooks examined in regard to this 
point, all mentioned general anesthesia, but not one condemned it. 
A dyspneic patient * depends on the aid of his accessory respiratory 
muscles. When he passes under the influence of a general anesthetic, 
he loses this accessory aid and suddenly becomes cyanotic or respira- 
tion ceases. Infiltration of the skin with a 1 : 400 solution of procain, 
to which is added a few drops of epinephrin, will make the operation 
practically painless. Even when the operation is performed under local 
anesthesia, we do not think it wise to try to abolish the cough reflex 
by the administration of - narcotics or the intratracheal injection of 
cocain, as recently recommended by St. Clair Ttiomson.^® 

2. A low tracheotomy is the operation of choice; and in children, 
it is the only location in which a tracheal tube should be inserted. 
There are many reasons for this; 

(a) Division of the cricoid cartilage removes the only ring 
support of the larynx, and also interferes with the subsequent 
• development of the larynx. Perichondritis due to secondary 
infection is more likely to occur after division of the cricoid than 
it is when the tracheal rings are divided. 

{b) The subglottic space is the narrowest portion of the larynx 
and the inevitable secondary infection and granulations that result 
from the wearing of a tube over a long period results in stenosis. 
Even if the cricoid is not divided and the opening is made through 
the first and second rings of the trachea, the tube is still too near 
the subglottic space; and fibrous laryngeal stenosis is likely to 
result. 

(c) The thyroid isthmus in a child lies much higher than in an 
adult; and, in addition, it is firmly adherent to the trachea. This 
offers another complication to high tracheotomy, especially if the 
operation is performed rapidly. 

(d) In performing a low tracheotomy, care must be taken not 
to make the opening in the trachea too low. If a roll is placed 
under the patient’s shoulders and the head retracted, about 1 inch 
(2.5 cm.) of the thoracic trachea is drawn upward into the neck. 
It is easy under these conditions to insert the tube so low that when 
the patient assumes the upriglit position it will be found that the 
tracheal opening is below the sternal notch. This results 
in a poorly fitting tube, subcutaneous emphysema, and often a 
mediastinal infection. If properly performed, however, a low 
tracheotomy is as quickly and as safely performed as the high 
operation. 

15. Thomson. St. Clair: Tranquil Tracheotomy by Injecting Cocain Within 
the Windpipe. J. A. W. A. 73:1032-1033 (Oct. 4) 1919. 
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Neumann reports 133 cases of high tracheotomy, in 9 per cent, 
of which a laryngeal stenosis resulted, and 292 cases of low trache- 
otomy in only 1 per cent, of which a stenosis developed. 

3. If the mechanical principles are ignored and the after-care 
of the wound and tube is neglected, a stricture is likely to result even 
with a low tracheotomy. The cartilaginous rings do not extend around 
the entire circumference of the trachea; the posterior wall has no 
rigid support. When the cartilages are divided anteriorly and spread 
apart for the introduction of a tube, the posterior wall bows forward 
and materially reduces the lumen of the trachea. If the tube does not 
have the proper curve, or if it contains the utterly useless fenestra 
in its posterior wall, an ulcer may form on' the posterior wall of the 
trachea and cause a stricture. 

It is not uncommon to have serious complications result from a 
badly fitted tube. Roger reported twenty-two cases in which 
necropsy disclosed ulcerations of the tracheal wall due to pressure of 
the tube. The decubitus was on the anterior wall, opposite the tip of 
the tube in sixteen, on both the anterior and posterior wall in four, 
and on the posterior Avail in twm. Taute collected the reports' of 
seventy-tAvo cases of fatal hemorrhage after tracheotomy. The bleeding 
Avas due to the erosion of the tracheal Avail, and secondarily of one ot 
the large vessels by the constant pressure of. the end of the tube. Of 
these seventy-tAvo cases, the innominate artery Avas eroded in fifty-five, 
the common carotid in four, the inferior thyroid artery in three, and 
the innominate and inferior thyroid veins in tAVo. 

4. Subcutaneous emphysema is an occasional early complication of 
a tracheotomy. It is due to certain conditions : 

(o) The opening in. the trachea is larger than the tube and the 
escaping air spreads along the fascial planes in the neck. This 
applies to either a vertical' or a transA''erse incision in the trac lea 
Avail. 

(b) The tube is too short and is coughed out of the trachea. 

(c) If emphysema once appears as a result of either of these 
causes, the swelling of the tissue Avill cause an otherAvise ive ^ 
fitting tube to become too short. The tube may be coug le o 
and thus faAmr the spread of the emphysema. Mediastina emp ) 
sema usually results in the death of the patient. 

16. Neumann, A.: Mitteilungen iiber Diphtheric, Deutsch. nied. Wchns 

19:154-157, 1893. • 

17. Roger, quoted b}^ Chiari : Chirurgie des Kehikopfes und der 

Neue Deutsche Chirurgie, Stuttgart, F. Enge 19:109, 1916. Luftrdhre, 

18. Taute. quoted Iw Chiari ; Chirurgie des Kehikopfes und der u 
Neue Deutsche, Chirurgie 19:103, 1916. 



CROWE-BREITSTEIN— PAPILLOMA OF LARYNX 285 

5. The use of a trocar to. perform an emergency tracheotomy is 
never justifiable. The use of a cautery to divide the skin and tissue 
overlying the trachea is dangerous on account of delayed hemorrhage. 

6. The excision of a piece of the tracheal -wall the size of the tube 
is followed by an excessive formation of granulations and a local 
stricture at this point is apt to result when the tube is removed (Chiari). 

Methods of Treatment 

The fact that there are so many methods of treatment for papilloma 
of the larynx in children indicates clearly that the therapy of this con- 
dition is universally unsatisfactory. The principal forms of treatment 
have been indicated in the preceding illustrative cases from the litera- 
ture. For the sake of clearness, however, we will review the thera- 
peutic measures that have been advocated and add the results of our 
experiences. 

TRACHEOTOMY WITHOUT LOCAL TREATMENT 

Hansberg reports a series of cases, all of them were children 
that were treated by tracheotomy alone. “Good results” were reported 
in seven cases ; in three, the tube was worn for six months ; in one, 
for two years; in one, for seven years, and in one the time is not 
mentioned. ‘'No results” were reported in four cases. One child died 
of pneumonia. In two cases, the tube was worn for seventeen and 
twenty-two years, and the growths finally were removed endo- 
laryngeally. ' 

Ferreri describes a case, in a girl 3 years of age, in which trache- 
otomy was performed and the tube left in for “several months” in 
order to see whether the tumors would 'disappear as some authors 
assert. “On the contrary the)^ increased in size.” Operative removal 
ultimately resulted in a cure. The duratioii of the cure is not 
mentioned. 

Gray reports the case of a child, 3 years of age, in which a 
tracheotomy was performed in July, 1905. In July, 1906, the growths 
had involved the trachea, and the dyspnea was marked. Roentgen-rai^ 
treatments throughout the next two years resulted in an apparent cure. 
Gra}"^ also describes another case, in a boy of 6, in which there was 
no improvement in the laryngeal condition two years after the intro- 
duction of the tracheal tube. 

19. Hansberg: Haiidbuch d. Spez. Chirurgie und der obcren Liiftvegc. 
Wjirzburg 4:395, 1913. 

20. Ferreri, G. : Precedes d'excision des papillomcs larA’ngicns, Arcb. 
internat. de larj-ngol., otol., etc., Paris 32:1-6. 1911. 

21. Gray, A. L. : Reinarks on the X-Ray Technic in the Treatment of 
Laryngeal Papillomata in Qiildren, Ann, Otol., Rhinol. & Larvngol. 19:54?- 
350. 1910. 
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Bruns " reports the cases of twenty-six patients treated by tracheo- 
tomy alone, with seven deaths and nineteen patients improved. 

Langmaid,-® of Boston, described the case of a child; aged 5, in 
whom tracheotomy alone was followed by a cure after five years. 

Broca and Roland conclude that tracheotomy and rest will not cause 
the gro^vths to disappear. 

Harmon Smith concludes that a tracheal tube without some col- 
lateral aid will not result in the disappearance of the growth. 

Payson Clark is a strong advocate of tracheotomy and non- 
interference locally — "while a cure is possible m a large number of 
cases by simple tracheotomy and time, removal of the papilloma (intra- 
laryngeally) when it has become quiescent hastens the cure.” 

Dungas Grant reports a case in which a girl underwent a trache- 
otomy when four months of age. At the age of 22 years, she was still 
wearing a tube and the larynx was filled with papillomas. These 
growths were removed at one sitting and never recurred. 

A tracheotomy was necessary sooner or later in every case of papil- 
loma of the larynx in a child that we have seen. As soon as a diag- 
nosis is made, the first step in the therapy should be the introduction, 
under local anesthesia, of a well placed, carefully fitted tracheal tube. 
An intubation tube cannot be used with safety in this condition. Several 
cases have been reported in which the introduction of an , intubation 
tube was followed by bronchopneumonia, presumably due to the aspira- 
tion of a piece of the growth. 


OPERATIVE REMOVAL 

There are three methods of operative removal: (n) endolaryngeal 
removal; (&) laryngofissure with immediate closure, and {c) laryn 
gostomy or permanent opening of the larynx. 

The last two methods are probably never justifiable in a child- 
Either of these two procedures may result in a cure of the papillc^> 
but an even worse condition — a laryngeal stenosis — is substituted ( as 
1 of our series). 

Endolaryngeal removal is the operation of choice, and , 

has emphasized the importance of traumatizing as little as possi e . 
mucous membrane adjoining the growth. Trauma certainly encouraj, 
the multiplication and spread of these laryngeal papillomas. 


22. Bruns, P., quoted by Chiari : Chirurgie des Kehlkopfes u. der u 

Neue Deutsche Chirurgie 19:360, 1916. ^ 29 ; 

23. Langmaid, in discussion on Coakley: Tr. Am. Laryngol. 

126-141, 1907. . . j„„oeent 

24. Grant, Dungas: The Etiology, Treatment and ° 

Lar 3 mgeal Growths, J. Larjmgol., Rhinol. & Otol. 19:637-652, 
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It has been the general experience that repeated removals are neces- 
sary over a long period of time in order to effect a cure. Dr. Robert 
Lynch, however, seems to have had extraordinary success by remov- 
ing the growths with the aid of his suspension apparatus. He reports 
sixteen cases of papilloma of the larynx (six in children under 5 years 
of age), in all of which the voice returned perfectly. The growths 
in children were all multiple. He did not operate after the period of 
active gi'owth had ceased, but took the cases just as they came. No 
local applications were used, other than tincture of benzoin at the time 
of operation. 

Dan McKenzie reports one case, in a boy aged 7 , in which the 
papillomas had been removed several times by the usual intralaryngeal 
methods, but always with recurrence. One removal with the suspension 
apparatus resulted in an apparent cure, since there has been no 
recurrence in a year. 

Albrecht has had uniformly good results after removal with the 
suspension apparatus in nine children. 

Dr. Robert Levy,*" of Denver, reports the case of a child, 8 months 
of age, in which a localized growth in the anterior commissure was 
removed under direct suspension. This was thought to be a particularly 
favorable case ; but the growth rapidly recurred with “increased 
activity.” 

The experience of the great majority of French, German, Austrian, 
English, Italian and American writers is that when the growths are 
removed endolaryngeally with any kind of curet or forceps, they almost 
invariably recur, and the operation must be repeated throughout 
months or years. 

OTHER METHODS 

Fulguration gives such favorable results in the treatment of papil- 
loma of the bladder that it has been given an extensive trial in papil- 
loma of the larynx. The results, however, are unsatisfactory. Several 
of our patients were anesthetized with chloroform, and the high fre- 
quency spark applied under direct vision. The improvement has 
always been temporary. Removal with an electric cautery not only 
fails to cure but results in a fibrous stenosis of the larynx. The 
local application of alcohol, recommended by Delavan, Chevalier Jack- 
son and others, is apparently of value in some cases. The use of 
formaldehyd, castor oil, the chemical caustics and astringents is of 

25. Lynch, R. C, in discussion on Hubbard; Tr. Am. Laryngol. Assn. 37: 
52-66, 1915, 

26. McKenzie, Dan: Papilloma of the Larynx in a Child Treated Under Sus- 
pension Laryngoscopy, Proc. Roy. Soc. Med. 9:Lar3'ngol. Sect., p. 53, 1915. 

27. Levy, Robert, in discussion on Smith, Harmon : Papilloma of the Larynx. 
J. A. M. A. 63:2207-2211 (Dec. 19) 1914. 
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little value. The internal administration of arsenic, potassium iodid, 
calcined magnesia, and tincture of thuja each has a few enthusiastic 
adherents. Many encouraging results of roentgen-ray and radium 
treatment have been reported from this country and Europe. Great 
caution must be used, however, in the administration of these agents, 
and particularly in the intralaryngeal application of radium. 

Duffy .reported in detail the postmortem findings in one of our 
cases (Case 4) in which the intralaryngeal application of radium 
resulted in a sloughing of the posterior laryngeal wall and a tracheo- 
esophageal fistula ivithont causing a disappearance of the papilloma. 
The amount of radium used in this case was; Sept, 28, 1915, 103 mg. 
of radium for forty-five minutes; November 5, 103 mg. of radium 
for one hour and thirty minutes ; November 20, 103 mg. of radium 
for two hours, and December 20, 103 mg. of radium for one hour and 
fifty-five ininutes. 

Jan. 1, 1916, the tracheotomy tube was removed. January 13, 
there was difficulty in swallowing, and February 5, bronchopneumonia 
developed. The patient died ten days later. 

Since this experience, we have never employed radium without the 
expert advice of Dr. C. F. Burnam, and we have had no further burns; 
but on the other hand, it is doubtful whether, or not we have had a 
permanent cure. Case 8 is a good exarnple. The patient was 
anesthetized for each treatment, and the radium applied to the grorvtlis 
under direct vision. 

Dec. 13, 1917, 500 me. was applied for five minutes; Jan. 3, 1918, 
600 me. was applied for one and three-fourths minutes; January 19, 
542 me. was applied for three and one-half minutes, and February 9, 
1,065 me. was applied for three minutes. 

During March the patient had whooping cough without comphea 
tions.' June 15, a heavy external radiation was applied over the fiont 
and both sides of' the larynx. November 20, 700 me. was applied or 
five minutes; Jan. 23, 1919, large masses of papillomas were removed 
through the mouth and tracheal opening. February 10, 879 me. was 
applied to the larynx through the tracheotomy opening for ten nimu e^ 
November 21, 700 me. rvas applied to the larynx from above or ^ 
minutes. In addition to these intralaryngeal treatments, severa ea } 
external radiations were applied. . 

Jan. 20, 1920, large masses of papilloma were excised 
larynx and trachea. June 21, large masses of papilloma 
excised from the larynx and trachea. June 8, 1921, large 
papilloma were excised from the Iar 3 '’nx and trachea. Septem 

28. Duffy, W. C. : Papilloma of the Larynx, Johns Hopkins Hospital Repo 
18:417-438, 1919. 
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the patient breathed freely with the tube corked. Small masses of. 
papilloma were removed from the trachea. 

Plum,=“ from Schmiegelow’s Clinic in Copenhagen, has recently 
reviewed the literature of papilloriia of the larynx in children, and gives 
a list of eighty-four references. Very few articles have appeared on 
this subject since 1914. While the results have been encouraging in 
isolated cases, sufficient data have not been collected regarding the 
amount of radium used, the method of application, and the ultimate 
results. 

Polyak,®® for example, reports the case of a child, 9 years of age, 
in which the papillomas had been removed repeatedly, and finally by 
laryngofissure. In fifteen treatments, a “small quantity” of radium 
was applied to the interior of the larynx for a total of twenty-one 
hours. The growths disappeared, but recurred four months later. 
Another series of treatments for a total of eight and one-half hours 
resulted in a cure. No mention is made of the period of observation 
nor' of the amount of radium and the character of the screen. 

Abbe®’^ reports the case-of a young child, with recurrent papillomas 
that filled the larynx. Tracheotomy was followed by an extension of 
the growth to the trachea. “Strong radium” was applied under ether 
for one-half hour. A second application was made six months later. 
About one third of the original growth remains below the vocal cord. 

Ferreri ®® reports a case of papilloma in a child, 6 years of age. 
The growths recurred after excision, tracheotomy and laryngostomy. 
During two months, twenty radium treatments were given. The amount 
of radium used is not mentioned. The growths disappeared but later 
recurred ; again a series of radium treatments caused them to disappear. 
They recurred, but removal with a curet then effected a cure. Radium 
in the hands of an expert is a valuable . therapeutic agent. Reports 
of favorable results, however, without data as to the dosage and the 
precautions taken, to prevent a burn, encourage those who have had no 
experience with .radium to employ it in their cases. This will inevitably 
lead to many serious complications and fatalities. 

METHODS USED BY THE AUTHORS 

The treatment of papilloma of the larynx in children is so unsatis- 
factory that a detailed report of the various methods of treatment 
employed in our cases is justifiable in order to point out the mistakes 
and successes. 


29. Plum, A.: Les papillomes du larynx chez I'enfant, Acta oto-laryn. 2:119- 
143, 1920. 

30. Polj'ak : Radium bei Papillom, Verhandl. d. internat. Laryngo-Rhinol.- 
Kong., Berlin, 1911. 

31. Abbe, Robert: Papilloma of the Vocal Cords, St. Luke’s Hosp. M. & S. 
Rep., New York 3:22-24, 1911. 
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We have tried external operations on the larynx with subsequent 
skin graft of the interior of the larynx in two cases. This cured the 
papillomatous condition but left a permanent laryngeal stricture. We 
have tried repeated endolaryngeal extirpations of the growths; but 
they always recurred, and usually in increased numbers. Fulguration 
of the growths, under chloroform anesthesia and through a direct 
laryngoscope, resulted in temporary benefit or no improvement. Extir- 
pation of the growths and fulguration of their points of attachment 
was of no value. 

Finally, radium alone, or in combination with various of the 
methods outlined above, Avas tried in seven of our cases. It is of vital 
importance to determine the exact amount of radium that should be 
employed and the interval between the applications that will give the 
best therapeutic results. We have radiated too heavily in some of our 
cases. In one case death was due to a tracheo-esophageal burn. In 
other cases, the radiations were probably not sufficient to produce the 
best result. 


It is possible that the growths in some persons are less sensitive to 
radium than they are in others; if so the difference cannot be recog- 
nized by any variation in the gross or microscopic appearance of the 
papillomas. 

The ideal treatment for papilloma of the larynx in children is one 
that will restore the voice and cause the growths to disappear rapidly 
and permanently, with no danger of a complicating pneumonia or an 
ultimate laryngeal stricture. Our experience encourages us to believe 
that radium, properly administered, may bring about this result. It is 
probable, however, that even an ideal therapy will not eliminate the 
preliminary tracheotomy, because so many of these cases in children 
are not recognized until complete aphonia ou alarming symptoms o. • 
respiratory obstruction bring them to the physician. 

In this connection, it should be emphasized again that the method 
of tracheotomy employed in children is of the greatest practica 
importance and must be observed in order to obtain uniformly goo 
end-results. 

REPORT OF CASES, 

Case 1 (Surg. No. 29853, 30275, 34290).— A boy, white, aged ^ yjf 
brought to the hospital. May 13, 1912, with urgent dyspnea. The > 
breathing began two months before admission and rapidly became 
had had measles at 1 year of age, but otherwise, no illness o any 
was noted soon after birth, that the cry was hoarse. The above 

gradually increased, and for several weeks he had been unable 
a whisper. The condition on admission necessitated an emergency ra 
May 19, 28 and June 2 ; On each of these dates, the child was anes 
with chloroform, and the growths were fulgurated under direct visio 
treatments had no appreciable effect. 
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May 30; The tonsils and adenoids were removed. They were much hyper- 
trophied, and we wished to remove all sources of irritation to the larynx. 

July 26; The papillomatous masses seemed to have increased in size and 
number as a result of the previous treatments. Under ether anesthesia, the 
larynx was opened externally and the papillomas removed, together with all 
the mucous membrane from which they arose. The denuded area was then 
cauterized with a hot iron. 

This one operation cured the papillomatous condition; but for the last nine 
years, we have been trying to reestablish the lumen of the larynx. The scar 
tissue was first dissected out with aid of the Killian suspension apparatus and 
an attempt was made to maintain and dilate the lumen with intubation tubes. 
This was a very tedious procedure, for even with strings attached at each 
end, the tubes were kept in place with difficulty. Inability to swallow food 
without contaminating the wound was a trying complication, and much of the 
time nasal feedings were necessary. 

Later, a second external operation was necessary. The scar tissue was 
removed and a Thiersch graft applied to the interior of the larynx. An 
intubation tube wrapped in iodoform gauze was left in the larynx in order to 
hold the graft in place. In spite of nasal feedings and frequent dressings, the 
wound became infected and the intubation tube was removed after four days. 
A two-way silver tracheal tube was then inserted and worn most of the time 
for three months. This also necessitated nasal feedings for two weeks; but 
after that, the child had no trouble in swallowing liquid or solid food. Luckily, 
no respiratory infection occurred during this period. 

At present (August, 1921), the child still wears a tracheal tube. He can 
speak only in a hoarse whisper; can breathe through his mouth with the 
tube” closed, but cannot exercise with the tube closed. His general health is 
excellent. He has developed normally and has had no illness of any kind 
during the nine years he has been wearing the tube. / 

SUMMARY OF TREATMENT 

1. Emergency, tracheotomy was performed under local anesthesia. 

2. Fulguration; Three treatments under general anesthesia were given with 
no benefit. 

3. Tonsils and adenoids were removed. 

4. Laryngofissure was performed with excision of the papillomas, together 
with all the mucous membrane from which they arose. Cauterization of the 
denuded area with the actual cautery. 

5. This procedure cured the papillomas but resulted in a stricture of the 
larynx, which subsequent treatment has failed to cure. 

6. The patient has been under observation for nine years. 

Case 2,(Surg. No. 30499 ). — A colored boy, aged 3 years and 9 months, was 
admitted to the hospital. Sept. 6, 1912, with marked inspiratory and expiratory 
dyspnea and complete aphonia. The difficulty in breathing was first noticed 
when the child was 8 months old. For several weeks, he had had severe 
attacks of dyspnea; these usually occurred at night and were associated with 
profuse sweating. No history was obtained of ahy of the acute infectious 
diseases. 

The general physical examination was negative,* with the exception of a 
large umbilical hernia. There was no evidence of tuberculosis or syphilis. 
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The tonsils and adenoids were removed four months before admission, with 
the idea that the difficulty in breathing was due to hypertrophied adenoids. 

A low tracheotomy was performed under local anesthesia on the day of 
admission. Laryngeal examination showed the entire glottis filled with growth. 
The larynx was opened ten days later, and the entire glottis and subglottic 
area as far as the ring of the cricoid was found thickly studded with papillo- 
matous growths. All the involved mucous membrane was removed in one piece 
and a large Thiersch graft applied to the denuded area. The graft was held 
in place with gauze wrapped in protective. The wound was left open.. In this 
ease, also, nasal feedings were necessary; but it is our impression that the 
entire graft was lost <is a result of infection due to contamination of the 
wound w'ith saliva and vomitus. 

The external wound closed by granulation within three weeks. Dilatations 
were attempted, but were soon abandoned owing to lack of cooperation by 
the parents. 

At present (August, 1921), the child has a complete stricture of the larynx, 
but is otherwise well. 

SUMMARY OF TREATMENT 

1. Tracheotomy' was performed under local anesthesia. 

2. Laryngofissure, with removal of all involved mucous membrane was per- 
formed, and a Thiersch graft applied. 

3. The graft was probably lost owing to infection. Permanent stricture of 
the larynx resulted. 

Case 3 (Surg. No. 37713). — A white boy, aged 4 years, was admitted, 
March 14, 1914. He had always been “sickly.” He did not cry until he was 2 
months of age. He began to talk at 11 months, but the voice was never clear. 
•There was a history' of measles at 11 months of age. One year ago he had an 
acute respiratory infection, and since that time, the voice had become pro- 
gressively worse. During the last three weeks, he had had a rise of tem- 
perature from 99.6 to 104 F. ; the voice was much worse; he had had attacks 
of dyspnea, and was rapidly' losing weight. 

On admission, the child was given antitoxin, although no definite evidences 
of diphtheria were ever discovered. The physical examination and the 
roentgen-ray examination of the chest were both negative. Examination o 
the blood revealed 9,800 leukocytes'. The Wassermann reaction was negative, id 
the skin tuberculin test was . strongly positive. 

Examination of the larynx disclosed two or three small papillomas sharply 
localized in the anterior commissure. 

March 18: Papillomas removed with the aid of a Jackson laryngoscope) 
tracheotomy seemed unnecessary. " , . 

April 7: Papilloma again removed. They were still sharply localized 
the anterior commissure. , Patient allowed, to go home. 

Aug. 21, 1915 : For the last few months, the former symptoms have gra^^ 
ually' recurred. Emergency ■ tracheotomy was necessary to ay 
account of the sudden onset of severe dyspnea with cyanosis, 
entire larynx apparently filled with growth. 

August 26, September 2 and 16 : On each of these dates, the child was ^ 
chloroform and the growths fulgurated. On the latter date, a 
lomas were removed and their bases fulgurated. 
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September 23: The growths have recurred and again fill the entire larynx. 
Radium, 103 mg., enclosed in a soft rubber catheter was placed in 
the larynx and left for one hour. 

October 9 : Radium, 103 mg., held between cords for one and one-half hours. 

October 11: The growths had decreased to such an extent that the patient 
could breathe normally through the mouth; tracheotomy tube removed. 

October 26 : Patient discharged ; tracheal wound closed ; voice strong but 
husky. 

The patient had pneumonia in January, 1916, at home. Following this, the 
voice became worse and the attacks of dyspnea returned. 

March 16, 1916: Tracheal tube again inserted. The' larynx was again 
filled with growth. 

April 1: Tonsils and adenoids removed, indications being: (1) frequent 
attacks of tonsillitis; (2) enlarged cervical glands, and (3) positive 
tuberculin test. 

April 12 : Radium, 103 mg., intralaryngeally for forty-five minutes. 

April 21 : Radium, 103 mg., intralaryngeally for fifteen minutes. _ 

May 3 : Radium, 103 mg., intralaryngeally for forty-five minutes. 

The growths have almost disappeared. The vocal cords can now be seen. 

May 8: Tracheal tube removed and wound allowed to close; breathed 
normally through the mouth and the voice was much improved. 

May 10: Mother took child home to West "Virginia today, although urged 
to leave him here for several weeks longer. 

May 20: Letter stated that he was rapidly becoming worse. A few days 
later the child died on the train while on his return to Baltimore. 
The', larynx was opened by the family physician and the entire sub- 
glottic space as far as the first ring of the trachea was found to be 
'filled with growth. 

SUMMARY OF TREATMENT 

1. Excision of papillomas by intralaryngeal methods. They recurred and 
were removed again three weeks later. Tracheotomy was not necessary at 
this time. 

2. Patient had very little trouble for a year. Emergency tracheotomy nec- 
essary sixteen months after first operation. 

3. Four treatments by fulguration under general anesthesia were given with 
no benefit. 

4. Radium, 103 mg., for one hour and later for one and one-half hours, 
intralaryngeally, caused all obstructive symptoms rapidly to disappear and 
the tracheal tube was removed. 

5. Symptoms recurred after pneumonia; tracheal tube again inserted six 
months after its removal. 

6. Radium again caused the growths to disappear and the tube’ was removed. 
Recurrence was rapid, however, and the child died of asphyxia while on the train. 


32. All intralaryngeal applications of radium mentioned in this paper were 
screened with. 2 mm. of brass and 2 mm, of rubber. In all extralaryngeal 
treatments, the radium was enclosed in a capsule of brass, 2 mm. in thickness, 
and a lead box 2 mm. in thickness and one thickness of box-board. 
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Case 4 (Surg. No. 36509).— A colored boy, aged 1 year and 9 months, entered 
the hospital, March 9, 1915, on account of hoarseness of four or five months’ 
duration and difficulty in breathing. He had pertussis at 11 months but no 
other infectious disease. A tracheotomy was not necessary on admission. 
The general physical examination was negative, aside from rachitis. The 
Wassermann and Pirquet tests were negative. There was one large mass of 
papillomatous growth in the larynx that seemed to arise from the true cord on 
the right. He had suffocating attacks only when asleep. 

March 10: -Radium, 500 mg., externally, over the larynx at a distance of 
one-half inch (12.7 mm.) for six hours. 

March 15 : The papillomas have not decreased in size. 

March 27: Radium,. 564 mg., externally, over the larynx at a distance of 
one-half inch (12.7 mm.) for six and three-quarters hours. This 
resulted in a second degree burn of the skin under the chin and just 
above the sternum. 

April 17 : The growths were much smaller. The true cords could be 
clearly seen for the first time since admission. 

A'lay 13 : The voice was much clearer than on admission. 

June 10: Laryngeal examination showed that the papillomas were increas- 
ing in size and number. The difficulty in breathing was more marked 
than on admission. 

June 26 : Tracheotomy was necessary. The growths in the larynx were 
fulgurated under chloroform. Killian suspension apparatus was used. 

July 13 : Laryngeal examination showed a marked increase in the number 
of papillomas. 

July 22 : Radium was used intralaryngeally, 500 mg., for two and one-half 
minutes. 

August 7 : Fulguration was used after removal of large masses of 
papillomas. 

August 27, September 10: Fulguration and Killian suspension apparatus 
were used, with chloroform anesthesia. 

September 25 : The laryngeal condition showed no improvement. 

September 28: Radium, 103 mg., intralaryngeally, in a metal case covere 
with a soft rubber catheter, held between cords for forty-five minu e 
under ether anesthesia. 

October 30: Radium treatment, intralaryngeally, attempted; but the 

was so filled with growth that the radium carrier cou oo 
introduced between the cords. 

November 5 : Radium, 103 mg., intralaryngeally, for oiie and one-ha 

November 20: Radium, 103 mg., intralaryngeally, for two hours. 

December 1 : The papillomas were much smaller and were pale g V 
marked contrast to the former pink color. 

December 20: Radium, 103 mg., intralaryngeally, for one hour an 
five minutes. Examination showed that all the grow s 
appeared with the exception of one small tag on the ng 

December 23: Tracheotomy tube removed. severe 

December 27 : Necessary to replace tracheal tube. Patient 

coughing attacks when eating. ^ _ , through 

December 28 : When patient attempted to swallow milk, it returne 
the tracheal tube; temperature 101.6 F. 
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December 29 : Attempts to feed through nasal tube not successful : the tube 
always entered the trachea. A septic temperature and an abundant 
purulent discharge through the tracheal tube continued until death, 
Feb. 16, 1916. • 

Necropsy disclosed an extensive ulceration of the , interior of the larynx 
and a tracheo-esophageal fistula at the upper end of the trachea. Several 
papillomas were found in the right pyriform sinuses. There was an extensive 
bronchopneumonia and a chronic diffuse thyroiditis. 

SUMMARY OF TREATMENT 

1. External radiation that resulted in a second degree skin, burn and, tem- 
porarily, in a marked decrease in the size of the papillomas was used. 

2. The growths reappeared in increased numbers and a tracheotomy was 
necessary. 

3. Fulguration was employed on three occasions with no apparent benefit. 

4. The papillomas were removed intralaryngeally on one occasion. They 
rapidly recurred. 

5. From September 28 to December 20 he had four intralaryngeal treatments. 
On each occasion, 103 mg. of radium was used and the total exposure was 
eight hours and ten minutes. 

6. These treatments resulted in an. extensive intralaryngeal burn, the for- 
mation of a tracheo-esophageal fistula and death from bronchopneumonia. 

7. At necropsy, papillomas were still present in the right pyriform sinus. 

Case .5 (Surg. No. 43200). — A colored boy, aged 8 years, was admitted, 
July 13, 1917, on account of aphonia and “noisy breathing at night.” These 
symptoms appeared after an operation in November, 1916, for removal of 
tonsils and adenoids. He had always been a mouth-breather. He had had 
measles when 7 years of age (so this disease might have been an etiologic 
factor). 

Laryngeal examination showed a large mass of papillomas ; but they involved 
only the anterior half of the true cords. 

Under ether anesthesia, these growths were removed without injury to the 
surrounding mucous membrane. Tracheotomy was not necessary. 

We have been unable to trace this patient, and so the result is doubtful. 

Case 6 (Surg. No. 44334). — A white boy, aged 4 years, was admitted. May 
25, 1917. The symptoms, hoarseness and difficulty in breathing, began without 
any apparent cause, when the child was 3 years of age. He had never had 
an acute illness of any kind. The general physical examination was negative 
aside from the laryngeal condition. 

May 25 : Papilloma excised, using a Jackson laryngoscope. There was free 
breathing for seven weeks. 

August 25: Papillomas had recurred; again excised. 

December 11: Papillomas had returned; low tracheotomy performed under 
local anesthesia and primary chloroform. 

December 13. Radium, 500 me., intralaryngeally, for five minutes. 

33. For a full report of the necropsy, refer to article by Duffy, W. C. : 
Johns Hopkins Hosp. Rep. 18:417-438, 1919. 
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Jan. 3, 1918: Radium, 600 me., intralaryngeallj', for one and three-quarters 
minutes. 

January 19: Radium, 542 jnc., intralaryngeally, for three and one-half 
minutes ; no change in the size or number of the growths. 

February 9: Radium, 1,065 me., intralaryngeally, for three minutes. Radium 
apparently had no effect on the growths in the, larynx. 

March 2: Excision of papillomas through mouth. 

March 13: Radium, 1,118 mg., direct to throat externally— three areas— 
twenty minutes each. 

May 27 : Radium, 926 mg., in lead box on 1 inch (2.54 cm.) gauze applied 
to larynx — two areas — one-half hour each. 

June 15: Complete aphonia; papillomas have recurred; again excised. 
Radium, 1 gm., cxtcrnall}', in front and on each side of larynx for 
thirty minutes; lead 3 mm. in thickness interposed; distance one-half 
inch (12.7 mm.); total exposure one and one-half hours. 

July 10: Radium, 584 mg., in lead tube, with three-fourths inch (19.05 mm.) 
gauze applied to larynx — three areas — twenty minutes each. 

August 7 : Radium, 150 mg., applied to neck at three-fourths inch (19.0S 
mm.) distance for one hour, 

August 28: Radium, 150 mg., three-fourths inch (19.05 mm.) distance, 
applied to larynx — three areas — one-half hour each. 

September 25: Radium, 150 mg., at three-fourths inch (.19.05 mm.), applied 
to larynx for one-half hour. 

October 31 : Radium, 1,535 mg., at one-eighth inch (3.17 mm.), applied to 
three areas on neck for fifteen minutes. 

November 20: Radium, 700 mg., in a tube zvith open cud, placeid directly 
on papillomas for five minutes, A profuse purulent bloody discharge 
is coughed out of the tracheal tube. Larynx contains perhaps more 
papillomas than on admission. 

Jan. 23, 1919: Papillomas in trachea both above and below the tracheal 
tube. These were removed under local anesthesia. 

February 10: Radium, 879 me., applied through tracheal opening directly 
to growths in larynx and trachea for ten minutes. 

November 21 : Entire larynx filled with growth. Radium, 700 me., appli^ 
directly to growth in an open-end tube for ten minutes; 

Jan. 20, 1920 : Excision of papillomas from larymx and trachea. One hrge 
pedunculated mass at lower end of tracheal tube almost comp ete y 
occluded the trachea. 

June 12 : Voice slightly improved ; still difficulty in breathing 

growth in the trachea; large pedunculated masses again-excise ro 
trachea above and below the tube. 

June 8, 1921 : Examination under ether; marked improvement on y 
pedunculated growth seen in glottis. This was attached to o 
vocal cord. It was removed. No evidence of any recurrence 
trachea; general health excellent; wears tube constantly 
closed with a cork; voice much improved; goes to tlm pu 
and plays baseball and other games without difficulty, 
whooping cough and measles without complication since t 
otomy tube was introduced in December, 1917. 

Case 7 (Surg. No. 43522).— A Jewish child, aged 3 years, 

Aug. 15, 1917, with profound respiratory distress of six days' dura ^ a 
cyanosis and complete aphonia. It had always been sickly, avi 
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severe- attack of tonsillitis, acute cervical adenitis and double otitis media 
in December, 1915. The adenoids were removed after this attack. It had 
had cliickenpox in December, 1916, and the voice had been hoarse since that 
time. It had had measles in May, 1917. 

August 21: Tracheotomy; laryngeal examination showed the entire glottis 
filled with growth. - 

August 25: Excision of papillomas with the aid of a Jackson laryngoscope; 
ether anesthesia. 

August 30: The growths rapidly recurred; again excised. 

December 8 : Radium, 510 me., for two and one-half minutes intralaryngeally. 

December 29: Radium, 695 me, for two minutes intralaryngeally. Laryn- 
geal examination showed that the growths were paler but there 
was no evident decrease in size. 

Jan. 9, 1918: Radium, 542 me., for four minutes intralaryngeally. 

April 13: Radium externally, 1 gm., over the front and .each side of 
the larynx at a distance of one-half inch (12.7 mm.) -for twenty 
minutes ; lead filter 3 mm. in thickness ; total exposure one hour. 

May 7: No improvement; laryngeal examination showed large masses of 
growth on both aryteno-epiglottic folds, both true cords and in the 
subglottic region. When the tracheal tube was removed papillomatous 
masses immediately filled the opening. Further operative treatment 
not . advisable. 

October 16 : The child died .of pneumonia during the influenza epidemic of 
1918. Necropsy was not permitted. 

Case 8 (Surg. No. 44329).— A white boy, aged SVs years, was admitted, 
Nov. 28, 1917. Hoarseness had begun six months previously. For three months 
he had had aphonia and gradually increasing dyspnea. He had had none of 
the acute infectious diseases.. His health had been excellent up to onset of 
present trouble. 

November 28: An emergency tracheotomy was necessary on admission. 
On direct examination of the larynx, no normal landmarks were seen; 
large pink masses of papillomas filled the entire glottis. 

December 8 ; Radium, 510 me., intralaryngeally, for two and one-half 
minutes. 

December 29: Radium, 695 me., intralaryngeally, for two minutes. Laryn- 
geal examination showed the papillomas were paler in color but not 
appreciably diminished in size or number. 

Jan. 19, 1918 : Radium, 542 me., intralaryngeally, for four minutes. There 
was still no evident change in the size or number of the growths in 
the larynx. 

February 12 : Parents refused permission for further intralaryngeal radium 
treatments. Under chloroform anesthesia all papillomas were removed 
by intralaryngeal methods. 

February 23: Radium, 1 gm., externally, at a distance of one-half inch 
(12.7 mm.) to each side of the lar 3 'nx for one hour. 

February 26: Tracheal tube had been tightly corked for a week; the tube 
removed and tracheal opening allowed to close. 

February 28: Discharged; voice hoarse but much better than on admission; 
had no difficulty in breathing. 

April 19: Letter: “Has had no trouble with breathing. Voice is steadily 
improving.” ' 
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April 4, 1921 ; Letter : There has been no evidence of recurrence of the 
papillomas. The voice is still husky. His general health is not good, 
appetite poor; has a chronic dry cough; is under- weight and under- 
size; averages only three days a week at school. 

Case 9 (Surg. No. 45463 ). — A white boy, aged- 4% years, was admitted, 
April 29, 1918. He had been a normal, healthy baby. He had had “tracheitis” 
at 7 months, otherwise no illness of any kind. Hoarseness was first notfced 
when he was 2Vs years old. Examination of the larynx at this time was 
reported as negative. The voice gradually became worse, and in January, 
1917, an examination revealed papillomas on the true cords. These were 
removed. In April, 1917, it was necessary to perform a tracheotomy on account 
of the increasing dj'spnea. The Wassermann reaction at that time was said 
to have been positive ; he was given mercury and iodids. The parents were not 
examined. When we first saw him in April, 1918, the Wassermann reaction 
was negative. There were no stigmas of congenital syphilis, and the papillomas 
excised at this time showed no histologic evidence of syphilis. 

April 30: Removal of growths from larynx through a Jackson laryngoscope. 

May 8 : Radium, 904 mg., externally on each side of larynx for one-half 
hour; lead, 2 mm. thick; distance, three-fourths inch (19.05 mm.); 
total exposure one hour. 

June 19 : Radium, 1 gm., externally on each side of larynx for forty min- 
utes ; distance 1 inch (2.54 cm.). 

May 13, 1921 : Letter from Dr. John A. Whittle of Rochester, N. Y., 
saying, “General condition much improved. Still wears the tracheal 
tube, but can breathe with difficulty with the opening closed. Can- 
not speak above a whisper. On the advice of Dr. D. R. Ingersoll has 
had three or four roentgen-ray treatments during the last year. 

August 17; Another letter from Dr. Whittle states that the child died, 
Aug. 6, 1921. For several weeks before death, he had symptoms sug- 
gesting a pulmonary abscess. Necropsy refused. 

Case 10 (Surg. No. 48331).— The papillomas in this case were possibly 
different from those in the preceding cases, although microscopically no i 
ference was apparent. 

A white boy, aged 2 years, was admitted. May 17, 1919. There was no 
illness previous to onset of present trouble in March, 1919. At that 
was said to have had laryngeal diphtheria, although the only symptoms w 
difficulty in breathing. The voice was never hoarse. It was 
intubate him three times during the first week and several times urmg 
following week because the tube was coughed out. 

On admission, he had extreme dyspnea.- Leukocytes numbered 15,00 , 
ture from throat and larynx was negative. 

May 18; Tracheotomy under local anesthesia; large mass of ^ 

below cords ; small piece removed. This was followed y 
with fever, leukocytosis, rales and dulness over the left si e o 

June 10: Entirely recovered from the pneumonia; larynx con 
unchanged; no local treatment. _ 

October 25: Larynx examined under general anesthesia , 
entirely disappeared, but there was a partial para ysis 
vocal cord. x 



CROWE-BREITSTEIN— PAPILLOMA OF LARYNX 


299 


June 6, 1920: Still wore tube; but it was closed with a cork much of the 
time; general health good; no growths to be seen in the larynx; still 
weakness of the left cord. 

November IS : Tracheal tube removed and opening allowed to close. 

August 22: Well. 

Case 11 (General No. 147459 ). — A white boy, aged 19 months, was admitted, 
March 9, 1921, with extreme dyspnea. There had been a history of respira- 
tory difficulty since the child was 2 months of age; this gradually increased 
with occasional exacerbations. The dyspnea had been much worse during the 
last four months. 

There was no history of any of the infectious diseases. The dyspnea was 
both ■ inspiratory and expiratory ; temperature was 99.4 F. ; the lungs were 
clear. The skin tuberculin test was negative. There was" no evidence of 
diphtheria. 

March If): Tracheotomy under local anesthesia. 

March 17: Examination of the larynx under ether anesthesia showed large 
masses of papillomas on both vocal cords, but most abundant in the 
anterior ' commissure. The largest masses were removed. Radium, 
850 me., for ten minutes, intralaryngeally. 

April 9: Sudden rise of temperature to 105 F. with cyanosis. Tube changed 
with no relief. Smears made from the tube showed Klebs-Loffler 
bacilli; 6,000 units of antitoxin given. 

June 3; All acute symptoms disappeared within a few days after the anti- 
toxin was given; but there was still a positive tube culture. 

June 23: Smears from the tube were negative for the first time since 
April 9. 

August 9: Papillomas had recurred in increased numbers. Under general 
anesthesia, all the largest tumors were removed by direct laryngoscopy. 
Radium, 994 mg., for eight minutes intralaryngeally. 

September 7 : Again a sudden elevation of temperature to 102 F., but with- 
out respiratory distress. Culture negative for diphtheria, but 5,000 units 
of antitoxin was given intramuscularly as a precautionary measure. 

'September 11: Temperature normal; general condition good. Is still in 
• the hospital. 



STUDIES IN EXPERIMENTAL TRAUMATIC SHOCK 

V. THE CRITICAL LEVEL IN A FALLING BLOOD PRESSURE * 

W. B. CANNON, M.D, and McKEEN CAT.TELL, Ph.D. 

BOSTON 

Gesell has distinguished between the initiating and the sustaining 
factors in shock. The previous paper of this series ^ was concerned 
with evidence for a toxic agent developed in damaged tissue and acting 
as an initiating factor in the onset of shock. The present paper is con- 
cerned with a sustaining factor — low blood pressure. 

The low blood pressure in both experimental and clinical shock is 
explained by a diminution of blood volume, an actual decrease in the 
amount of fluid which is kept circulating. In the ‘early stages of 
secondary shock, however, the diminished volume may not be associated 
with a reduced arterial pressure. The only way in which the pressure 
can be maintained in the presence of a smaller amount of circulating 
fluid is by a lessening of the capacity of the circulatory system; This 
diminished ■ capacity is the consequence of extra activity of the vaso- 
constrictor center causing greater contraction of peripheral vessels. 
"When the blood pressure begins to fall, there may also be passive con- 
traction of these vessels because they are no longer distended by the 
internal pressure which normally prevails. With further development 
of shock, there is a fall of arterial pressure below the limits of normal 
variation, a fall which is accounted for by reduction of the blood volume 
below the minimal capacity of the system and by a final relaxation 
of vascular tone as' the vasomotor system becomes less active. 

The effects of the changes above outlined are fundamentally 
important to an understanding of the sequence of events in shock. lu 
order to comprehend their significance, it is necessary to refer to the 
principles of the circulation. We must keep in mind the fact that the 
blood circulates in order to supply with food and oxygen the tissues 
which are remote from the alimentary tract and the lungs, and to carry 
waste from the tissues , to surfaces where it may be excreted. The 
interchange between the flowing stream and the active tissues occurs 
in the capillary portion of the circulatory system. This is the essentia 
region. All other parts of the circulation — heart, arteries and veins 
exist in order to provide a continuous flow of blood through the capi 

*From the Laboratory of Physiology of the Harvard Medical School. 

_1. Cannon, W. B. : Studies in Experimental Traumatic Shock, Arch, u g. 
4:1 (Jan.) 1921. 
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laries. The high head of pressure normally maintained in the arteries 
serves, first, to keep a constant flow passing through the capillaries in 
all parts of the body no matter what extra demands are placed on the 
general supply of blood by organs which, becoming active, have dilated 
vessels. Secondly, this high head of pressure assures speed in the 
passage of blood from the heart back to the heart again. And since 
the function of the blood as a common carrier depends on the number 
of trips which it makes from places where it is loaded to where it is 
unloaded, the speed of tlie circulation is evidently an important deter- 
minant of the capacity of the bloocLfor service in the body. 

THE EFFECTS OF DECREASED BLOOD VOLUME 

With a decreased volume of blood, the blood pressure may still 
remain at its normal level because of compensatory vasoconstriction. One 
might suppose from the restored blood pressure that the blood supply 
to all parts of the organism is occurring at its normal rate. The 
admirable investigations of Gesell ^ have shown, however, • that this 
is far from being the case. The vasoconstriction which takes place 
when, in consequence of hemorrhage or tissue injury, the blood volume 
is reduced, is not uniform throughout the vascular distribution. Gesell’s 
observations prove that under such circumstances the volume-flow 
through the submaxillary . gland, for example, is greatly diminished. 
In one instance, a removal of 10 per cent, of the estimated blood volume 
of the animal caused a reduction of the volume-flow per minute through 
this, gland amounting to 60 per cent, of the basal flow (i.e., the amount 
passing through the gland when at rest). This occurred even though 
there was no fall of arterial pressure. The volume-flow is obviously 
of the utmost importance 'in the delivery of. oxygen to the tissues, for 
each red blood corpuscle is a carrier. If the number of carriers is 
reduced to this great degree as a consequence of slight hemorrhage or 
slight reduction of blood volume, it is obvious that the tissues are in 
danger of an insufficient supply. 

It should not be supposed that all parts of the body are affected 
in the same way as the submaxillary gland when vasoconstriction com- 
pensates for diminished volume. There is good evidence ® that in the 
presence of normal arterial pressure the blood vessels of the central** 
nervous system and the heart do not undergo contraction. The effect, 
therefore, of a peripheral constriction which would shut down the 
volume-flow in peripheral structures would serve to maintain an 
adequate volume-flow in the essential organs. 

2. Gesell, R.: Am. J. Physiol. 47:502 (Jan.) 1919. 

3. Wiggers, C. J. : Modern Aspects of the Circulation in Health and Disease, 
New York, Lea and Febiger, 1915, pp. 83, 84. 



302 


ARCHIVES OF SURGERY 


THE EFFECTS OF DECREASED ARTERIAL PRESSURE 

Gesell’s studies prove that the volume-flow to peripheral organs is 
more diminished by reduction of blood volume than by reduction of 
blood pressure. When blood pressure begins to fall, however, the force 
which is driving the blood through the capillaries begins to become 
less effective, consequently the rate of flow will, as a rule, steadily 
diminish as the pressure falls. Thus the volume-flow not only to periph- 
eral structures but also to the essential organs, such as the central 
nervous system and the heart, becomes gradually, less and less. 

Diminished blood volume, therefore, results in a lessened blood 
supply to peripheral tissues because of a primary vasoconstriction; 
and lessened blood pressure results in diminished blood supply both 
to peripheral tissues and to central organs because of a slower flow. 
All parts of the body may then begin to suffer from disturbances of 
the circulation, initiated by diminished volume of blood and continued 
as the volume becomes less and less. 

The materials delivered to the tissues by the flowing blood may be 
classified into food, water and oxygen. The degree of dependence of 
cells on these materials varies with the materials and also with different 
groups of cells. Thus there may be prolonged absence of fresh food 
supply in the blood without disturbance of function. A less prolonged 
absence of fresh water supply in the circulating stream is also endured 
without serious damage. The need for oxygen, however, is quite 
different from the need for either food or. water. It is urgently neces- 
sary that oxygen be continuously delivered if tissues are to be kept 
active. It becomes a matter of importance, therefore, to inquire into 
the evidence that there actually is an insufficient oxygen supply delivered 
to the tissues when the flow of blood through the capillaries is much 
reduced. 


RELATION OF REDUCED ALKALI RESERVE TO BLOOD PRESSURE 

In 1910, Henderson^ pointed out that in the absence of an adequate 
supply of oxygen the development of acid substances in the tissues 
might be expected, in consequence of the partial asphyxia. Later, 
Crile ® and his co-workers reported results which indicated that a con i 
tion of “acidosis” is present in various clinical states, including sho.ck. 
And in 1917, during a study of the toxemia of gas gangrene, Wright 
observed a reduction of the alkalinity of the blood serum as determine 
by titration with acid to a certain end point. Patients suffenng no 
gas gangrene have many of the symptoms of shock, and Wng t arg 


4. Henderson. Yandell; Am. J. Physiol. 27:167, 174, g 

5. Crile, G. W.: The Origin and Nature of Emotions, Philadelp , 

Saunders Company, 1915, p. 227. 

6. Wright, A. E. : Lancet 1:8 (Jan. 6) 1917. 
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that the “acidemia,” as he called it, of this condition was the cause of 
these symptoms. 

During the summer of 1917, at Bethune, one of us (W.B.C.) made 
use of the then newly described method and apparatus introduced by 
Van Slyke,'^ and obtained estimates of the sodium bicarbonate, or alkali 
reserve of the blood plasma in wounded men suffering from the low 
arterial pressure which accompanies shock, hemorrhage and gas gan- 
grene.® The results given by the Van Slyke instrument are expressed in 
percentage by volume of carbon dioxid which can be separated from the 
plasma after it has been exposed to an atmosphere containing 5.5 per 
cent, of the gas (the concentration existing in the pulmonary alveoli 
and present in the final air of an extreme expiration). Any figures 
lower than 50 per cent, by volume of carbon dioxid in the plasma of 
adults indicates a reduction of the alkali reserve below the normal 
range of variation. In the sense defined by L. J. Henderson ® and by 
Van Slyke and Cullen,^® readings below this normal range may be 
regarded as marking a condition of “acidosis.” The expressions “reduc- 
tion of the alkali reserve” and “reduction of the carbon dioxid capacity” 
may be used interchangeably with the reduction of blood alkali. In the 
Bethune cases, observations were made on the relation of reduced alkali 
reserve to blood pressure, to pulse, and respiration, and to other 
attendant conditions. 

In forty-five different coincident determinations of blood pressure 
and carbon dioxid capacity, a rough relation between the two was 
found; in general, the lower the blood pressure, the lower the alkali 
reserve. This relation is illustrated in Table 1. 

TABLE 1. — Relation Between Blood Pressuee and Carbon Dioxid Capacity 



Oarbon Dioxid Capacity Per- 

Systolic Arterial Pressure 

No. of Oases 

centage by Volume 

in Millimeters of Mercury 

6 

50 to 59 (av. B3) 

90 

25 

40 to 49 (av. 44) 

75 

8 

30 to 89 (av. 35) 

72 

6 

20 to 29 (av. 24) 

59 


It is noteworthy that in thirty-nine of the forty-five cases, the 
average systolic pressure was 75 millimeters, of mercury, or less, and 
that in all these there was a carbon dioxid capacity of less than 50 
per cent, by volume, i.e., below the normal range. Furthermore, as the 
average carbon dioxid capacity was low, the average systolic pressure 

7. Van Slyke, D. D.: J. Biol. Chem. 30:347 (June) 1917. 

8. Cannon, W. B. : Acidosis in Shock, Hemorrhage and Gas Infection, J. A. 
M. A. 70:531 (Feb. 23) 1918. 

9. Henderson, L. J.: Science, 37:389, 1913. 

10. Van Slyke, D. D., and Cullen, G. E.: J. Biol. Chem. 30:292 (June) 1917. 
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was likewise low. In the cases mentioned above, some process had 
been going on for hours, often six or eight, that had brought about 
the state observed on admission of the patient. The progressive char- 
acter of the process was shown in one instance in Avhicn the carbon 
dioxid capacit)^ one hour after the wounding was 50 per cent., and five 
hours later, with no corrective treatment, it had fallen to 40 per cent. 
The condition has a gradual rather than an acute onset. 

EXPLANATION OF THE DIMINISHED ALKALI RESERVE 
Two explanations have been offered to account for the reduction 
of the bicarbonate of blood plasma; one that nonrespirable acid, such 
as lactic acid, develops in the tissues because of oxygen want, and, 
uniting with the sodium of sodium bicarbonate, drives off carbon dioxid, 
which is breathed out; the other that excessive respiration diminishes 
the carbonic acid in the blood with consequent alkalosis, and that there- 
upon the extra alkali disappears into the tissues, or diffuses into body 
fluids outside the blood, or escapes through the kidneys. The former 
process has been designated by Henderson as the “acidotic,” the latter 
as the “acapnial” reduction of blood alkali.- 

There is a good deal of evidence that an insufficient oxygen 
supply to the tissues results in formation of lactic acid. Zillesson,^^ 
1891, noted that when the blood supply of the muscles or liver was 
limited, lactic acid was formed in these organs. Araki proved that 
lactic acid (lactates) were present in the urine of dogs and rabbits in 
conditions of oxygen lack brought about by breathing carbon monoxid 
or by a low percentage of qxygen in the inspired air. In an artificially 
produced anemia, Irisawa ■ found that the lactic acid content of the 
blood increased as the oxygen lack became more severe. More recently, 
Milroy and Penfield have reported that reduction of blood alkali 
appears typically after a severe hemorrhage. And within the last few 
years, a number of workers have published papers on experimental 
shock in which there is agreement that a decreasing alkali -reserve is 
associated with a falling blood pressure (McEllroy,^® Guthrie,^^ Erlanger 
and Gasser and Gesell The low blood pressure in the late stages 


11. Zillesson: Ztschr. f. physiol. Chem. 15:404, 1891. 

12. Araki: Ztschr. f. physiol, chem. 19:447, 1894. 

13. Irisawa: Ztschr. f. physiol, chem. 17:340, 1893. 


14. Milroy: J. Physiol. 51:272, 1897. 

15. Penfield, W. G.: Am. J. Physiol. 48:121 (Feb.) 1919. 

16. McEllroy, W. S. : Acidosis in Shock, J. A. M. A. 70:847 ( arc 


1918. 

17. Guthrie; Am. J, Physiol. 45:544, 1918. 

18. Erlanger, J., and Gasser, H. S.: .Am. J. Physiol. 50:116 (June; 

19. Gesell, R. : Am. J. Physiol. 47:459 (Jan.) 1919. 


1919. 
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of experimental shock, according to Macleod,^“ is associated with a 
demonstrable increase of lactic acid in the blood — an effect attributed 
b)'^ him to anoxemia because of depression of both the respiratory and 
the circulatory functions. All the conditions described above, which 
are associated with an increase of lactic acid or a reduced alkali reserve, 
are characterized by diminished blood volume, or diminished blood 
pressure, or decreased / carrying power of the corpuscles, so that the 
delivery of oxygen to the tissues is reduced. It is well proved that in 
the. absence of adequate oxygen supply the lactic acid which accom- 
panies muscular contraction, for example, is not burned to carbon 
dioxid and water.^^ The liberation of such acid would produce the 
effects which have been observed — a demonstrable increase of lactates 
in the blood, 'and a diminution of sodium bicarbonate. It may be, as 
Wertheimer, Fabre and Clogne have noted, that diacetic acid is 
present in some instances. 

The other explanation for the reduced blood alkali attributes the 
change to relative increase of pulmonary ventilation. Henderson and 
Haggard have reported that if they permit an animal to breathe to 
excess, as it naturally does during the development of shock from 
trauma of the abdominal viscera, failure of the circulation and death 
are induced. This is associated with a lowering of both the carbon 
dioxid content and the carbon dioxid capacity of the blood and also a 
loAvering of the arterial pressure. In explanation of these results, 
Henderson and Haggard have found that when animals are sub- 
jected to progressively decreasing oxygen percentages, the first effect 
is an abnormally large loss of carbon dioxid from the body due to 
excessive breathing and that thereafter alkali passes out of the blood 
to compensate for the alkalosis thus developed. In other words, when 
the carbonic acid of the blood is lowered, sodium bicarbonate also falls. 
A modification of this view has been suggested by Moore,^*^ who 
assumes that as a consequence of shock there is a general lowering of 
metabolic activity to about one-third the normal rate. If then the 
lungs continue functioning at their usual rate, or even less, there will 
be removed from the blood an excess of carbon dioxid over that which 
is produced, and the blood will be altered in the alkaline direction. 

20. Macleod, J. J. R.; Am. J. Physiol. 55:150 (March) 1921. 

21. Fletcher and Hopkins: J. Physiol. 35:298, 1507. 

22. Wertheimer, Fabre and Clogne: Bull, et mem. Soc. de chir. 45:9, 1919. 

23. Henderson, Yandell, and Haggard, H. W.: J. Biol. Chem. 33:371 (Feb.) 
1918. 

24. Henderson, Yandell, and Haggard, H. W.: J. Biol. Chem. 43:3 (Aug.) 
1920. 

25. Aloore, B. : Lancet, 2:474 (Sept. 13) 1919. 
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Thereupon, the kidneys and tissue cells remove alkali from the circula- 
tion; and if the blood is examined for circulating sodium bicarbonate, 
a loAver figure than the normal is obtained. 

With reference to the argument in the foregoing explanations, we 
may admit at once that excessive breathing due to oxygen want may 
haA'-e the effect Avhich Henderson has reported. Further, we may admit 
that in the presence of an excess of alkali, the tendency of the tissues, 
and of the kidneys, in case there is sufficient blood pressure to permit 
them to act effectively, Avould be to remove the excess from the blood 
stream. There is some question, hoAveA'^er, Avhether the hyperpnea 
assumed by Henderson, or the continued normal breathing in the 
absence of adequate stimulation (i.e., the normal carbonic acid content 
of arterial blood), assumed by Moore, are actuallj’’ present in cases of 
shock in human beings. Certainly the method of inducing excessive 
respiration in experimental shock Avhich Henderson employed, that of 
positiA'’e OA'^erA'^entilation of the lungs or vigorous manipulation of the 
diaphragm, does not represent the conditions attending the onset of 

TABLE 2. — Relation of Carbon Dioxid Capacita’' to Respiration 


No. of Cases Carbon Dioxid Capacity Average Eespiratory Bate 

ir .40 to 49 (nv. 44) 24 

7 30 to 39 (av. So) 28 

6 20 to 29 (av. 24) 44 


shock as seen in man. The classic descriptions of shock refer to respira- 
tion as being shalloAV and feeble, interrupted by occasional sighs. Such 
Avas the character of the breathing noted in numerous cases of shock 
at Bethune. The rate, as shoAvn in Table 2 , is likely to be much more 
rapid than normal; but since the breathing is shalloAv, the result is 
not likely to be an effective ventilation of the lungs.^® In three cases 
of shock in man observed by Aub, the ventilation per rninute ranged 
betAveen 5.77 and 7.19 liters. In three other Avounded men with normal 
blood pressures, the average figure Avas 8.2 Avith a range of from 6.81 to 
9.59 liters per minute. It is unfortunate that it Avas impossible to obtain 
more evidence regarding the Amlume of ventilation in shock observe 
in human beings. If respiration is shallow, however, it seems proba e 
that there would be no reduction or relati-vely slight reduction o t e 
alveolar carbon dioxid,- and a consequent lessening of the concentrahon 
of carbon dioxid in the blood. According to Henderson and Hag^r > ^ 
morphin, by depressing respiration, tends to cause accumu ation 
carbonic acid in the blood, and therefore prevents the lowering o 


26. Edsall: Boston M. & S. J. 167:647, 1912. • _ 

27. Henderson, Yandell, and Haggard, H. W.: J. Biol. Cheni. 

1918. 
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alkali reserve. In the cases of human shock, as observed in Bethune, 
morphin was given as a routine procedure shortly after the men were 
wounded. In Table 3 are presented figures showing the systolic and 
diastolic blood pressures, the carbon dioxid capacity and the morphin 
dosage in .eleven typical cases. These figures demonstrate that prompt 
administration of morphin, 6ven in doses of one-half grain (0.0324 
gm.) may not prevent a reduction of the alkali reserve. 

Besides doubt as to whether excessive respiration is present in 
human shock, there is further question whether it would have, if 
present, a causal relation to the onset of the shock state. Aub found 
that -the .volume of respiration per minute, in experimental shock pro- 
duced by muscle injury, increased in ten experiments 54 per cent, above 
the average for the controls. This Avas, however, before the -onset of 
shock. When the condition of shock became established, the increase 

TABLE 3. — Systolic and Diastolic Blood Pressures, the Carbon Dioxid 
Capacity and the Morphin Dosage in Eleven Typical Cases 


Blood Pressure 

X 


* Systolic 

i 


Carbon Dioxid 

3Jorpl)in Dosage, 
Grain 


Diastolic 

Capacity 

92 


70 

49 

■ Vi 

79 


56 

SO 

% 

64 


40 

21 

% 

76 


40 

41 

Vi 

42 


28 

40 

Vi 

72 


48 

38 

% 

80 


68 

43 

Vi 

66 


20 

26 

Vi 

92 


62 

47 

■Vi 

68 


42 

36 

% 

75 


46 

36 

Vi 


was only 14 per cent, above the controls. One might assume that 
this indicated that the increased volume of respiration was causally 
related to the development of loiv blood pressure. Aub repeatedly 
observed, however, a rapid breathing with a large increase of the ventila- 
tion rate per minute under urethane anesthesia without the onset of 
shock. Furthermore, uniform artificial respiration may be given to 
an animal while passing into the state of shock, and under these 
circumstances no diminution of the carbon dioxid capacity of the plasma 
occurs until the blood pressure falls. Thus, the respiratory factor is 
not permitted to vary, and the excessive respiration, as postulated by 
Henderson, is not capable of producing the changes which he regards as 
• the consequence of hyperpnea. Nevertheless, a low pressure develops, 
and as the pressure continues to fall, there is a reduction of the alkali 
reserv'e. In one such instance, the blood pressure fell in half an hour 
from 110 to 40 millimeters of mercury with a decline in carbon dioxid 
capacity of 12 per cent, by volume. In the later stages of this fall of 


28. Aub, J. C: Am. J. Physiol. 54:388 (Dec.) 1920. 
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pressure, there might have been a lessening of the carbon dioxid content 
of the blood because of uniform respiration in the presence of dimin- 
ished metabolism, but the drop of pressure could hardly be accounted 
for on the basis of hyperpnea. From all this evidence, it seems probable 
that the conditions Henderson established in his experiments do not 
account for the results observed in cases in human beings, and that the 
reduced alkali may be explained as a consequence of diminished volume- 
flow to the tissues. 



Fig. 1. — Arrangement for controlling the cardiac output and consequently the 
height of arterial pressure by means of increasing or decreasing intrapencar ta 
pressure. 

So far as Moore’s contentions are concerned, there is no evidence 
that the metabolism in shock is reduced to any marked degree unti 
there is a considerable fall of arterial pressure.^" In other words le 
low metabolism may reasonably be regarded as a consequence of 
diminished oxygen supply. The reduction of the alkali reserve w ic^ 
has been observed to accompany a diminished oxygen supply 
satisfactorily explained, therefore, on that basis, rather than on 


28. Aub, J. C.: Am. J. Physiol. 54:388 (Dec.) 1920. 
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assumption that with continued normal respiration and a diminished 
carbon dioxid production a primary alkalosis results, followed by escape 
of the excess alkali. 

SIGNIFICANCE OF REDUCTION OF THE ALKALI RESERVE 

IN SHOCK 

Experiments by Dale and Richards and also by Gesell have 
shown that a large amount of acid may be injected into the blood 
stream, and the alkali reserve thereby reduced to a low degree without 
any fall of blood pressure to a shock level. The concomitant fall of 
blood pressure and reserve alkali in shock, therefore, should not be 
regarded as indicating that a cause of shock is to be found in the 
lessened alkali content of the blood. Perhaps when this process reaches 
an extreme degree, there may be an increase of the H-ion concentration 
and a consequent damage to the tissues from the altered state of the 
blood; but in any moderate alteration of the blood, such as occurs in 
most cases of shock, it is probable that the diminished alkaline content 
in itself has no harmful influence. 

On the other hand, no matter how the reduction of the alkali reserve 
is accounted for — either as a consequence of excessive production of 
acid ’or as a consequence of overbreathing, due to oxygen want — it 
is an indication of a fundamental difficulty occurring in the body, 
namely, an insufficient oxygen supply. We have already pointed out 
the need of continuous delivery of oxygen to the tissues. The failure 
of delivery of sufficient oxygen to the brain is likely to affect profoundly 
the normal metabolism of nerve cells in particular, and to lead to a 
disturbance of their functions. It becomes a matter of importance, 
therefore, to know at what point in an impaired circulation the oxygen 
delivery to organs becomes inadequate. 

Although a reduction of blood volume affects to a great degree the 
volume-flow of blood to peripheral organs, as Gesell has proved, it is 
interesting to note that in several of the experiments which he reports 
(Figs. 3 and 4), there is no marked reduction of the carbon dioxid 
content of arterial blood in a series of determinations, until the blood 
pressure falls to the neighborhood of 80 or 90 millimeters of mercury. 
Raymund likewise has reported cases of experimental shock in which, 
after the initial reduction of the blood alkali attributable to etheriza- 
tion, a further reduction does not take place until the blood pressure 
falls below approximately 80 or 90 mm. of mercury. A similar rela- 
tion is seen in several experiments performed by Henderson and Hag- 

29. Dale and Richards: Report of the Shock Committee, English Medical 
Research Committee, October, 1918, Series No. 25, p. 250. 

30. Gesell, R.: Am. J. Physiol. 47:481 (Ian.) 1919. 

31. Raymund, B.: Am. J. Physiol. 53:127, 130 (Aug.) 1920; Figures 2, 
3 and Sb. 
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gard.®2 These results are in interesting agreement with both experi- 
mental and clinical studies which were carried on in France. This 
concordant testimony has practical importance. In the first place, it 
signifies that, though the reduced volume-flow is a highly disturbing 
condition, the final touch in rendering the circulation inefficient is 
ascribable to a slowing of the bipod flow as the arterial head of pressure 
falls. In the second place, the observation has significance because 
of the ease of determining the head of arterial pressure by clinical 


COg Capacfly 



Fig. 2. — Changes in percentage by volume of carbon dioxid (the a a i 
reserve) of the blood plasma in cases in which the blood pressure was lowere 
to 60 millimeters of mercury for three hours; in a without other action, m 
with previous injection of morphin, and in c with morphin injected after one 
hour of low pressure. 


means and thus having a basis for a judgment as to whether the 
impairment of the circulation has reached a dangerous degree. 

EXPERIMENTAL DETERMINATION OF THE CRITICAL LEVEL 

In order to produce experimental conditions which would be as 
closely as possible analogous to those which analysis has shown to 

32. Henderson, Yandell, and Haggard, H. W.: J. Biol. Chem. 33.365 (Fe 
1918. 
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as described above. The blood pressure was recorded by a mercury 
manoiii^^rcminected with one carotid ; a second cannula was placed in 
th^cher ch^i^d or in the femoral artery to obtain samples for the 
/bicarbonate deter^iations. For each determination, about 3 c.c. of 
blood was taken in a graduated tube, centrifuged, and the alkali reserve 
of the plasma determined by the Van Slyke ^ method. A sample .of 
blood was usually taken immediately before reducing the blood pressure 
and at intervals of an hour throughout the course of the experiment. 
As a rule, no difficulty was experienced in keeping a constant arterial 
pressure at any desired level. Sometimes, just after reducing the 
pressure, it was necessary to adjust the funnel repeatedly in order to 
hold the arterial pressure constant, but usually an equilibrium was 
reached in a short time. A few experiments had to be discarded on 
account of irregularities in pressure. 

Throughout the whole series of observations, a satisfactorily con- 
stant relation was found between the degree of reduction of the alkali 
reserve and the lowering of blood pressure. The most marked reduc- 
tion was found at low pressures, whereas above 80 millimeters of 
mercury the state of the blood remained unchanged. These differences 
can be shown by a few illustrative protocols. 

PROTOCOLS OF EXPERIMENTS 

Experiment 2. — May 10, 1918, cat, 3.6 kilograms. Ether; cannula in both 
carotids. 

10:08: Blood pressure 178 mm.; temperature 36 C. 

10:22: Blood pressure 160 mm. 

10 : 23 : Sample A, 3 c. c. blood ; carbon dioxid reading 39 per cent, by volume. 

10:24: Blood pressure 160 mm. 

10:26: Arterial pressure reduced to 80 mm. by external pressure on chest. 

11:27: Sample B, 3.2 c.c. blood; carbon dioxid reading 37. 

12 : 24 : Sample C, 3.0 c. c. blood ; carbon dioxid reading ? ; sample lost. 

12:57: Sample D, 3.5 c.c. blood; carbon dioxid reading 38. 

1 : 29 : Pressure reduced to 60 mm. 

2:28: Sample E, 2.7 c.c. blood; carbon dioxid reading 35. 

3 : 01 : Pressure removed from thorax ; blood pressure gradually rose un i 
4:00 when it reached 112 millimeters of mercury. 

4: 01 : Sample F, 4.5 c. c. blood; carbon dioxid reading 40. 

Experiment 3. — May 11, 1918, cat, 2.9 kilograms. Ether; cannulas in 
carotids; cannula in pericardium. 

9:51: Blood pressure 124 mm. 

9:53: Sample A, 5.0 c.c.; carbon dioxid reading 30. . . . 

10:00: Blood pressure fell to 80 mm.; kept at the level by intrapenca 

pressure. 

11:02: Sample B, 4.5 c.c.; carbon dioxid reading 31. 

11:04: Pressure reduced to 60 mm. 

12:03: Sample C, 4.0 c.c.; carbon dioxid reading 20. 
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il2 : 08 Intrapericardial pressure removed; blood pressure rose to 116 milli- 
meters of mercury. 

12:31; Sample D, 4.0 c. c. ; carbon dioxid reading 25. 

12 ; 32 : Pressure reduced to 70 mm. 

1 : 31 : Sample E, 4.5 c. c. ; carbon dioxid reading 23. 

Experiment 16.— May 25, 1918; dog, 6.73 kilograms. 

7:35: Morphin 0.056 gm. 

8:45: Operation started; cannula in pericardium; carotid cannulas. 

• 9:50: Sample A, 3.0 c. c. ; carbon dioxid reading 33. 

9:52: Blood pressure 120 mm. 

10: 12: Blood pressure 116 mm. 

10:17: Blood pressure reduced to 60 mm. by intrapericardial pressure 
(gum-salt) . 

11:17: Sample B, 4.5 c. c. ; carbon dioxid reading 22. 

12 : 22 ; Sample C, 6.0 c. c. ; carbon dioxid reading 20. 

1:22: Sample D, 6.2 c. c. ; carbon dioxid reading 19. 

2 : 31 : Sample' E, carbon dioxid reading 20. 


TABLE 4. — Blood Pressure Reduced to 80 Mm. 






Carbon Dioxid Reading 




Orig. Blood 

f - ' — • • • 





Exp. 

Anima] 

Pressure 

Start 

1 Hour 

2 Hours 

3 Hours 

5/10 

Oat 

178 

39 

37 

, , 

38 

5/11 

Cat 

124 

30 

81 



6/15 

Dog 

80 

35 

35 

, , 


5/16 

Dog 

160 

20 

20 

17 





Av. 31.0 

30.8 




TABLE 5. — Blood Pressure Reduced to 70 Mm. 


Altaline Reserve 


Exp. 

Animal 

One:, Blood 
• I^essure 

Start 

1 Hour 

2 Hours 

3 Hours 

' - \ 
4 Hours 

5/11 

Cat 

116 

25 

23 


, , 


5/13 

Cat 

170 

33 

31 

25 

, , 


5/27 

Cat 

142 

30 

27 

32 

34 

35 

6/14 

Cat 

168 

34 

29 

29 

32 

33 


Av. 30.5 27.5 


The results for the series of experiments are summarized in Tables 
4, 5, 6, 7 and 8. Cases in which the blood pressure was reduced to 
80 millimeters of mercury are given in Table 4. In every case, the 
alkali reserve was unaffected by pressure at this level for an hour. Table 5 
shows the effects at 70 mm. pressure. Here there is a slight reduc- 
tion in the alkali reserve — an average fall of 3 per cent, by volume 
of carbon dioxid. In the two cases in which observations were con- 
tinued for four hours, a recovery took place. This occurred in a 
certain number of cases, even at lower blood pressures. The phenomenon 
will be referred to again. The next two tables present the results for 
an arterial pressure reduced to 60 millimeters of mercur}'’, Table 6 gi\dng 
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figures for cases in which the low pressure was continued for only one 
hour, and Table 7 for cases of low pressure for three hours. With, 
this pressure, it will be noted that there was a marked fall in the alkali 
reserve during the first hour, indicating that the circulation was no 
longer adequate to maintain normal oxidation in the body. During 
the second hour, the average of' the results shows a slight further fall; 
but during the third hour, there is no further change. Table 8, giving 


TABLE 6.- 

-Blood 

Pressure Reduced 

TO 60 

AIm. for One Hour 





Alkaline Reserve 




Orig. Blood f 


A 


Exp. 

Animal 

Pressure 

Start 

1 Hour 

2 Hours 

6/10 

Oat 

178 

38 

So 


5/11 

Oat 

124 

31 

20 


5/24 

Rabbit 


27 

IS 


6/ 5 

Cat 

• • • 

37 

20 


7/15 

Cat 

136 

SO 

19 

IS 

7/16 ' 

Cat 

114 

26 

IP 

•• 




31.5 

21.8 



TABLE 7. — Blood Pressure Reduced to 60 Mm. for Three Hours 


Alk-nline Reserve 

* ' — 


Exp. 

Animal 

Orjg. Blood 
Pressure 

'start 

1 Hour 

A 

2 Hours 

3 Hours 

4 Hours 

5/ 9 

Cat 

130 

39 

36 

32 

32 

20 

6/25 

Hog 

120 

S3 

22 

20 

19 

5/29 

Oat 

128 

35 

32 

S3 . 

83 

•• 

6/13 

Oat 

140 

31 

' 14 

18 

19 

29 

7/13 

Cat 

118 

37 

20 

29 

27 

7/20 

Oat 

109 

33 

34.7 

30 

27.1 

25 

26.1 

27 

26.1 



TABLE 8. — Blood Pressure Reduced to SO Mm. 


Exp. 
5/28 
6/ 5 
7/18 
7/23 



Orig. Blood 
Pressure 


Alkaline Reserve 

JL • 


Animal 

Start 

1 Hour 

2 Hours 

3 Hours 

Cat 

174 

27 

14 

11 

• • 

Oat 

• • « 

37 

19 

- . 23. 

21 

Cat 

86 

28 

■20 

17 

Oat 

96 

41 

Av. 33.2 

•29 

20.5 



effects of the reduction' of the blood pressure to 50 millimeters of 
mercury, reveals a still greater fall in the alkali reserve , at the en 
one hour, the percentage by volume of carbon dioxid reached t e oi 

figure of 20.5. ' , <._Lies 

An examination of the data presented in the accompan}mg 

shows a normal bicarbonate: reserve in the cat of frorn 3 to ’ . 

average being about 32. This is a liiuch lower figure t an a 
in normal human plasma, where a reading below 50 is fi^ner y 
sidered to be pathologic. The most rapid fall in the alkali reser 
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during the first hour of reduced pressure, after which it soon reaches 
a stationary low level. In a few cases, there is an actual recovery after 
several hours. It may be that by lessened cellular activity the organism 
adapts itself to the condition of low pressure; and then, because the 
oxygen requirement becomes less, the acids may be reduced by oxida- 
tion. There is another possibility Avhich might be considered. Clearty, 
if the pressure is artificially kept constant throughout an experiment, 
it is possible that after several hours a peripheral dilatation takes place, 
due to lessened vasomotor tone or to direct effect of metabolites, and 
thus with a constant pressure the blood flow would be increased. 

The alkali reduction produced by an inadequate circulation is not 
permanent, but rapidly disappears when the blood pressure is allowed 
to return to normal, as is shown above in the first two protocols. In 
a number of other instances, the blood pressure was raised by injec- 
tion of gum-salt solution, and the alkali reserve was restored. 

TABLE 9. — Results Obt.mned in Four Animals in Which Pressure' was 
Reduced to 80 or 90 Mm. After Removing 20 Per Cent, of Blood 


Blood Eressure 


Esp. 

Orlg. 

Einal 

5/14 

175 

so 

B/21 

150 

80 

5/23 

100 

90 

6/16 

150 

90 


Alkali Reserve 
>■ 


start 

1 Hour 

2 Hours 

31 

26 

23 

20 

16 


37 

35 

35 

33 

33 

. . 


Many cases of low blood pressure in wounded men were compli- 
cated by hemorrhage. The question arose as to whether loss of blood 
modified the critical level of the blood pressure. This was somewhat 
difficult to determine experimentally because in many animals the. 
combination of an operation and the loss of blood reduces the blood 
pressure below the desired level. Satisfactory results were obtained 
in four animals (Table 9). In each case, they were bled 20 per cent, 
of their calculated blood volume before reducing the pressure. The 
two cases with arterial pressure reduced to 80 millimeters of mercury 
showed marked indications of an inadequate circulation, while those 
with a reduction to only 90 mm. showed less effect. It seems probable, 
therefore, that when hemorrhage complicates a low blood pressure the 
critical level is higher than when no loss of blood has occurred. 

From these experimental results ive conclude that the critical level, 
that is, the level at Avhich the blood pressure is no longer capable of 
maintaining an adequate volume-flow to the tissues, and thus serving 
the normal oxidations of the body, is approximately SO millimeters of 
mercury. Above 80 mm. reduction of the alkali reserve is not likely 
to appear; but as the pressure falls below this, a reduction will probably 
occur, which is more marked and develops the more rapidly the lower 




316 


ARCHIVES OF SURGERY 


the pressure. If there has been a loss of blood, the circulation 
becomes inadequate before the pressure falls to 80 millimeters of 
mercury, i.e., the critical level is raised. In this connection, the observa- 
tions of Markwalder and Starling s* are of interest. They found 
experimentally that cardiac contraction begins to weaken when the 
arterial pressure falls below 90 millimeters of mercury. Gruber®^ 
noted a marked decrease in the height of contraction of muscle which 
was being uniformly stimulated when he reduced the blood pressure 
to 90 millimeters of mercury. Above this level, however, changes in 
pressure produced practically no effect on muscular contraction. The 
results reported by' Gesell, by Raymund and by Henderson and Hag- 
gard, mentioned above, likewise point to a pressure of 80 or 90 milli- 
meters of mercury as being necessary for a sufficient blood flow. 

Aub has studied the decrease of the metabolic rate in shock. In 
eight cases of severe shock, the average decrease was 33 per cent,^® It 
was a matter of interest to learn whether the fall of metabolism was 
related in any way to the critical level of arterial blood pressure, 
as indicated by the appearance of acidosis. Aub found, indeed, that as 
a rule the critical level for metabolism was associated with a blood 
pressure in the neighborhood of 75 or 80 millimeters of mercury. At 
that level, the metabolism might be within the normal rate of variation ; 
but usually when this was the case, the blood pressure had been remain- 
ing stationary or was rising. In other instances, he’ noted that when 
the blood pressure was at this level, or occasionally higher, the metabo- 
lism might be considerably reduced; but when this was the case, the 
blood pressure was in the process of falling. With a blood pressure 
below 75 millimeters of mercury the metabolism -was invariably reduced 
beyond the common normal variations. These observations are con- 
firmatory of the evidence already adduced in placing the threshold of 
adequacy of arterial pressure at approximately 75 or 80 millimeters 
of mercury. 

THE EFFECT OF MORPHIN 

As shown in Table 7, reduction of the blood pressure to 60 milli- 
meters of mercury for three hours causes a marked and lasting reduc- 
tion of the alkali of the blood plasma. Experiments performed by 
one of us (M.C.) at Dijon proved that morphin can modify this effect in 
a striking manner. A comparison of the average figures in Tables 10 and 
11 with those in Table 7 is given graphically in Figure 2. The cun'-es o 
each condition have been shifted so that they have a common initia 
point at the average of the first readings (.32.8). Figure 2 a represents 
the results detailed in Table 7— a fall and continued low level of the 


34. Markwalder and Starling: J. Physiol. 47:279, 1913. 

35. Gruber: Am. J. Physiol. 32:227, 1913. 
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6 / Y 
6 / 8 
6/10 
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EVIDENCE OF DAAIAGE TO THE CENTRAL NERVOUS SYSTEM ' 
FROM LOW BLOOD PRESSURE 

The testimony that insufficient blood supply injures the elements 
of the central nervous system is both morphologic and functional. 

Morphologic changes as a consequence of diminished blood flow 
have been reported by Dolley,^® who found that after repeated hemor- 
rhage the Purkinje cells of the cerebellum underwent a sequence of 
alterations exactly identical with those observed in shocked animals. 
Mott has reported studies of the cell changes in cases of shock in 
which some hours before death there was low blood pressure, and has 
found that there is general chromatolysis, a change which he attributes 
to the prolonged anoxemia. Besides the chromatolysis, Mott noted 
that many of the cells of the medulla and also some of the Purkinje cells 
show a tendency to profuse purple staining when a double stain, such 
as a basic blue and eosin dye, is used. This alteration in the staining 
reaction denotes a biochemical change, possibly different in character 
from that associated with the diffusion of the Nissl substance. 

The functional evidence of injury to the nervous system from 
low blood pressure has come mainly from examination of disturbances 
in vascular reflexes during the development of shock. W. T. Porter 
and his collaborators proved that after a prolonged low blood pressure 
in shocked animals stimulation of afferent nerves could cause either 
a rise or fall of blood pressure.'*'^ They concluded, therefore, that even 
in extreme shock the vasomotor center is still active. It was not, 
however, until perfusion experiments were performed on peripheral 
vessels still connected with the vasomotor center that direct proof was 


obtained showing whether the center was overactive or underactive. 
Such perfusion experiments conducted- by Erlanger, Gesell and 
Gasser,"*® and more recently by Cattell,^® have demonstrated that although 
in the early stages of shock. Whether due to abdominal injury or to 
crushing of muscle, the vasomotor tone is increased. In the later stages, 
there is practically invariably diminished tone and lessened periphera 
resistance. The tendency of the vasomotor center, when the bloo 
. pressure becomes low, is to compensate by increased activity. 
failure of the center to respond thus to the stimulus of a low pressure 
in the late stages of shock must be regarded, therefore, as signi }in& 
that the center has become injured to such a degree that it is incapa 
of responding. 


45. Dolley: J. M. Research, 16:96, 1909. ^ 

46. Mott: Report of the Shock Committee, English Medical Kesea 

mittee, March, 1919, Series No. 26, p. 46. ' 

47. Porter, W. T.: Am. J. Physiol. 20:399, 1907; ibid. 20 : 500 , 1903. 

48. Erlanger, J.; Gesell, R., and Gasser, H. S.i Am. J. Physiol. 49.151 U 

49. Cattell, AIcKeen, quoted by Cannon, W. B.: Arch. Surg. 4.1 (Ja ) 
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Bayliss has pointed out that the vasomotor center is not the only 
bulbar center that suffers from low blood pressure and the consequent 
sluggish blood flow. He noted that when the average blood pressure 
remained below 58 millimeters of mercury in cats, not only were 
vasomotor reflexes abolished but the rate of respiration fell to 6 or 
less jDer minute. .Various other experiments showed that when the 
blood pressure was less than 70 millimeters of mercury from one and 
a half to two hours, more or less, a paralysis of the bulbar centers 
would occur. The respiratory center in the cat appears to suffer before 
the A^asomotor center, though it may continue to discharge at the slow 
and ineffective rate of 3 or 4 per minute when the vasomotor center has 
lost its excitability. Bayliss suggests that different animals probably 
behave differently as regards the order in which their vital centers fail 
and that in man the vasomotor center may begin to lose its functional 
stability before the respiratory center. 

In order to secure evidence as to the progressive nature of the 
damage done to the nervous control of the circulation in consequence 
of an insufficient blood flow, we have made observations on the effects 
of reducing the blood pressure to 60 millimeters of mercury for varying 
times by the method of intrapericardial compression of the heart (see 
p. 314). When the pressure had been thus reduced to that level it 
was held there for an hour. The compression of the heart was 
then released by lowering the fluid column. Usually, when this is done, 
the blood pressure will be restored completely or nearly completely to 
its normal level (Fig. 3). If then the pressure is again lowered to 
60 mm. and held there for an hour, it does not rise so high ; and when 
held to this low level for another hour, it may not rise at all. 

It might be supposed that the failure of the pressure to rise after 
being held persistently low for three hours would be due to a loss of 
blood volume by escape of plasma into the tissues through more 
permeable capillary walls. Observations with the hematocrit in these 
cases, however, suggest that this was not an important factor. In 
Table 13 are the average hematocrit readings when the pressure was 
reduced to different levels and held there for periods of one, two and 
three hours. As the figures clearly show, the percentage of corpuscles 
gradually fell, indicating that there Avas a dilution, rather than a con- 
centration, of the arterial blood. 

The explanation Avhich appears most reasonable to account for the 
failure of the pressure to rise after persistence at the Ioav level is that 
the nervous agencies which control the circulation haA^e suffered damage 
— a damage due to inadequacy of the circulation itself. The reason- 

50. Bayliss, W. M.: Intravenous Injections in Wound Shock, London, New 
York, Longmans, Green & Co., 1918. p. 11. 
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ableness of the conclusion is supported by observations on relaxation 
of vascular tone in late shock/® and by tests of the responsiveness of 
the vasomotor center to stimulation by asphyxia. At an early stage in 
shock, there may be an asphyxial rise of pressure, and later, though the 
heart still beats and respiration is still active, the asphyxial rise does 
not occur, i. e., the vasomotor cells are no longer excited by the blood 

TABLE 13. — Hematocrit Readings After Reduction of the Blood Pressure 
BY Intrapericardial Compression 


Average Hematocrit Headings (Percentage of 
No .of Pressure Reduced Corpuscles) 

Cases to Mm. Hg , * 




Start 

1 Hour 

2 Hours 

3 Hours 

4 

70 

47 

46 

46 

47 

12 

60 

40 

37 

31 

27 

4 

50 

38.5 

34.5 

26 

"6 


changes. LaCroix®^ has noted that in cases of shock after severe 
wounds there may be total immobility of the pupil, no matter how 
intense the light. This failure of the pupillary reaction points to 
a block of the nerve impulses along the reflex path involved in the 
reaction and is further indication of injury to the nervous elements. 


IMPORTANCE OF THE TIME FACTOR IN THE DEVELOPMENT 

OF SHOCK 

Experiments cited above have definitely proved that with an acute 
lack of oxygen nerve cells abruptly cease to function. The loss of 
consciousness when one faints is a common example of the close 
dependence of nervous elements on continuous oxygen supply- The 
experimental and clinical observations on the effects of prolonged low 
pressure point to the fact that these sensitive cells may be gradual y 
harmed, if, instead of acute anemia, there is prolonged partial anemia. 

The gradually damaging effect of persistent low blood pressure is o 
the utmost importance both in understanding and in treating shoe 
When the vasomotor center has lost its capacity to maintain vascuar 
tone, there is no sort of remedial agent which can be applied to ring 
the blood flow back to its normal condition. If, in an anima, 
medulla is destroyed, the blood pressure falls to approxirna y 
millimeters of mercury and there remains. Intravenous injec 
blood or other fluid will raise the pressure for only 
An incredible amount of fluid may thus be introduced into le ^ 
without any lasting rise of pressure. When a man has been in 
of shock for a long time, so that the vasomotor center fa 
the blood vessels in a state of moderate contraction, he r 
the experimental animal does when the bulbar centers a 

51. La Croix; Bull, et mem. Soc. de Chir. de Pans, 44.906, 1918. 
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Transfusion leads to no permanent gain — the beneficial effect is fleeting. 
When that stage has been reached, the secondary harm from insufficient 
oxygen has been too great to permit resuscitation. 

The foregoing considerations emphasize the prime impoitance of 
early treatment of the low blood pressure of shock. As Pike and 
Coombs have stated, injured nerve cells require a better blood supply 
for their restoration than uninjured nerve cells do for their main- 
tenance. Thus, though the tissues may not suffer until blood pressure 
has fallen below a critical level of approximately 80 millimeters of 
mercury, it is desirable, when the pressure has fallen below this level 
and has shown no evidence of rising, that it be raised to the normal 
level -of 120 millimeters of mercury, if possible, in order to provide 
the most favorable conditions for repair of the damage which has been 
done. 


52. Pike, F. H., and Coombs, H. C. : Relation of Low Blood Pressure to a 
Fatal Termination in Traumatic Shock, J. A. M. A. 68:1892 (June 23) 1917. 
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Moynihan/ in his monograph on retroperitoneal hernia, directs 
attention to the possibility of herniation of the small intestine into the 
lesser peritoneal cavity through an abnormal aperture in the transverse 
mesocolon. Four such hernias have been reported, one by Boettcher = 
in 1878. In 1885, A^on Hacker ^ suggested the advisability of 
performing a gastrojejunostomy by the posterior route, making the 
anastomosis in the posterior Avail of the stomach through an opening 
in the transverse mesocolon. Thus, seven years before the retrocolic 
method of gastrojejunostomy Avas advocated, attention had been 
directed to the possibility of the small boAvel herniating through an 
opening in the transverse mesocolon. This fact, evidently, AA^as lost 
sight of, because it Avas only after fatalities from such hernias that 
surgeons began to suture the stomach or jejunum to the transverse 
mesocolon. Mayo-Robson,** Mo 3 mihan,^ Mikulicz,® and others have 
reported cases of this type. In the older textbooks,® suturing the open- 
ing in the transverse mesocolon to the stomach or jejunum before 
making the anastomosis (between the stomach and the jejunum) Avas 
advised. Of late years, this procedure has been rcA'^ersed: the anasto- 
mosis is made first, and the sutures are placed afterAvard. MacArthur,' 
however, for some time has reverted to the older method, considering it 
more advantageous to close the opening before performing the anas- 

1. Moynihan, B. G. A. : Retroperitoneal Hernia, Ed. 2, London, Bailliere, 
Tindall and Cox, 1906, pp. 162-163. 

2. Boettcher, A. : Hernia bursae omentalis mit im Mesocolon Transversum 
befindlicher Bruchpforte, Arch. f. path. Anat. u. Physiol, u. f. klin. Med. 72. 

644, 1878. . 

3. Von Hacker : Zur Casuistik und Statistik der Magenresectionen vine 
Gastro-enterostomieen, Arch. f. klin. Chir. 32:616-625, 1885. 

4. Mayo-Robson, A. W., and Moynihan, B. G. A.: Diseases of the Stomaci, 
London, Bailliere, Tindall and Cox, 1904, pp. 257-258. 

5. Von Bergmann, E. : von Bruns, P., and v^on Mikulicz, J. . 

Practical Surgery, Philadelphia, Lea & Febiger 5:439. 440. 444, 1904. ^ 

6. Von Bergmann, E. ; von Bruns, P., and von Mikulicz, J.. 

Kocher, T.: Operative Surgery, London, Adam and Charles Legs. 

Bryant, J. D. : Operative Surgery, New York, D. Appleton & Co. • 

7. MacArthur; Personal communication. 
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tomosis, for in this manner the posterior portion of the aperture may 
be securely closed. 

As the number of gastrojejunostomies increased, another form of 
internal hernia was observed. The small intestine slipped behind the loop 
of jejunum which is formed by every anastomosis, whether it is ante- 
colic or retrocolic. Mikulicz ” recognized this and stated that the symp- 
toms produced were due to compression of the root of the mesentery 
rather than to incarceration of the intestine. Mayo-Robson and Moyni- 
han,^ in speaking of a case occurring after anterior gastrojejunostomy, 
reported by W. J. Mayo,® say, “The passage of the small intestine 
through the loop formed by the juncture of the jejunum and stomach 
is probably only possible, certainly only probable, after the anterior 
operation.” 

Moschcowitz and Wilensky,® in 1915, collected seven cases from the 
literature reported by Steudel,^® Petersen,^^ W. J. Mayo,® Gray,^- Gor- 
don,^® and Barker, and one of their own. Bryan, in 1920, reported 
a similar case occurring twelve days after posterior gastrojejunostomy, 
in which the small intestine had passed from right to left, behind the 
anastomosis. The hernia was reduced by operation. Four days later, 
a similar herniation occurred and a third operation was necessary. The 
patient recovered. Deaver and Ashhurst reported a case, without 
details. They consider that the complication is more likely to occur 
after a long loop posterior gastrojejunostomy than after a short loop. 

A summary of the ten cases reported from the literature shows that 
the hernia occurred in six cases following the posterior type of gastro- 
jejunostomy (four with short loops and two with long loops) ; in two 
cases following the anterior type, and in two the type was not given. 

8. Mayo, W. J. : Complications Following Gastro-Enterostomy, Ann. Surg. 
36:231-244, 1902. 

9. Moschcowitz, A. V., and Wilensky, A. O. : Intestinal Obstruction Con- 
secutive upon Posterior Retrocolic Gastro-Enterostomy, with Description of a 
Method to Avoid Similar Complications, Surg., Gynec. & Obst. 21:390-393, 1915. 

10. Steudel : Die in den letzten Jahren an der Czernj^schen Klinik aus- 
gefiihrten Magenoperationen und die Endresultate der friiheren Operationen, 
Beitr. z. klin. Chir. 23:1-88, 1899. 

11. Petersen, W. ; Ueber Darmverschlingung nach der Gastro-Enterostomie, 
Arch. f. klin. Chir. 12:94-114, 1900. 

12. Graj', H. M. W. : A Cause of Intestinal Obstruction .“Viter Gastro- 
Enterostomy, Lancet 2:526, 1904. 

13. Gordon: Lancet 2:1477, 1905. 

14. Barker, A. E. ; A Remarkable Sequel to a Case of Gastro-Enterostomy, 
Lancet 2:1277-1278, 1904. 

15. Bryan, R. C. : Recurrent Internal Hernia Following Gastro-Enterostomy, 
Surg., Gynec. & Obst. 30:82-85 (Jan.) 1920. 

16. Deaver, J. B., and Ashhurst, A. P. C. : Surgery of the Upper .-Vbdomen, 
Philadelphia, P. Blackiston’s Son & Co. 1:435, 1909. 
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The more frequent occurrence of the hernia following the posterior 
operation might seem ambiguous were it not explained by the fact that 
a far greater number of posterior gastrojejunostomies are performed 
than anterior. 

In seven cases, the hernia started on the right side and traveled 
toward the left. In one case it started on the left side and traveled 
toward the right. The time elapsing between the gastro-enterostomy 
and the second operation was six days in four cases ; eight days in one ; 
twelve days in two; fourteen days in one; one year in one, and two 
years in one. Four patients died, and four recovered; the final 
results were not stated with regard to two. We have not found, in 
the literature, mention of this form of internal hernia following colos- 
tomy. The possibility that this catastrophe may follow the Polya 
operation, anterior or posterior, should, however, be considered. Two 
cases of internal hernia following gastrojejunostom}'','and one following 
colostomy are reported herewith. 

REPORT OF CASES 

Case 1 (A 357800). — History.' — Mr. R. D., aged 35, came to the clinic, 
May 11, 1921, complaining of having had a dull, heavy feeling in the epigastrium 
for ten years. The pain occurred from three to four hours after meals, and 
was relieved by food and soda. The patient was nauseated but did not vomit. 
The attacks lasted for about one month ; he was then perfectly well for about 
six months. The bowels had been constipated for ten years. 

Examination . — The patient had lost 11 pounds (.5 kg.) in six months. , The 
systolic blood pressure was 124 and diastolic 76. The urine contained an 
occasional red blood cell. Blood examination revealed: hemoglobin 77 per cent.; 
erythrocytes, 4,690,000, and leukocytes, 9,300. The Wassermann reaction was 
negative. Examination of the gastric contents revealed : total acids, 42, and 
free h 3 ’^drochloric acid, 40. Duodenal ulcer was revealed by the roentgen ray. 

Operation. — May’’ 18, 1921, an ulcer was found on the anterior wall of the 
duodenum just below the pylorus. It was impossible to perform a posterior 
gastro-enterostomy on account of the short mesentery of the transverse colon. 
The jejunum was brought up over the colon (12-inch [30.5 cm.] loop), an 
attached to the stomach, making an anterior gastro-enterostomy. The stomac 
and gallbladder appeared to be normal. The appendix, which was chronica y 
inflamed, was removed. 

Course.— Tht first three day^s of convalescence were uneventful. On the 
evening of the third day, however, the patient felt nauseated. The stomac 
tube was passed and 15 ounces (444 c.c.) of bile-stained fluid was recovered. 
During the night, he hiccuped and frequently vomited small amounts o i 
stained fluid. The stomach tube was passed in the morning, and -4 
(710 c.c.) of the same kind of material was obtained. The evening o ^ 
fourth day, only one-half ounce (15 c.c.) of greenish material was 
and the patient appeared to be better. On the following day, he "T® ^ 
take ginger ale without nausea or vomiting. His condition .. 

the same until the morning of the eighth day when 12 ounces ( 
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greenish fluid was recoA'ered b 3 ' the stomach tube. One ounce of castor oil was 
given, which was promptly vomited. The morning of the ninth day, the patient 
vomited 2 ounces (59 c.c.) of dark green fluid; and a few hours later 24 
ounces (710 c.c.) was recovered by the stomach tube. The patient continued to 
be nauseated, and his general appearance indicated mechanical obstruction. The 
abdomen was opened and the condition described below was found. 

The upper jejunum at a point distal to the gastro-enterostomy had slipped 
from right to left through the opening between the mesentery of the jejunum 
at the point where the gastro-enterostomy had been made and the transverse 
mesocolon. The entire small intestine from this point down to within a few 
inches of the ileocecal valve had followed the jejunum through the opening 
and was lying on the left side. This had produced torsion on the mesentery; 
and the jejunum for a distance of IV 2 feet (46 cm.) distal to the gastro- 
enterostomy was quite dark and distended. The intestine was pulled back 
through the opening and the obstructed bowel immediately regained its normal 
color. The opening through which the bowel had slipped was closed with 
interrupted catgut sutures. The gastro-enterostomy was adherent to the anterior 
abdominal wall and to the tissues surrounding it; and in elevating the stomach, 
the jejunum was separated from the stomach along the suture line of the 
gastro-enterostomy. This opening, which was about 2 cm. long, was closed 
with two rows of chromic catgut. The loop of jejunum lying proximal to the 
gastro-enterostomy was not involved in the obstruction. When the wound 
was opened, seropurulent material appeared in the subcutaneous and deep tissues. 
The opening, which was rnade through the former incision, was closed with 
difficulty. The patient did not recover (Fig. 1). 

Case 2 (A 111382). — History. — Mr. J. C., aged 54, came to the clinic, July 25, 
1914. He had complained of a dull aching pain in the epigastrium for two 
months. He had belched gas freely and his bowels had been constipated. • The 
night before examination, he had taken a saline laxative. At 4 o’clock the 
following morning he was awakened with a very severe knifelike pain in the 
middle of the epigastrium, accompanied by vomiting. The abdomen was rigid ; 
and two hypodermic injections of % grain (0.016 gm.) of morphin gave no 
relief. A diagnosis of perforating duodenal ulcer was made. At operation, 
an acute perforating ulcer of the duodenum was found. The perforation was 
closed with silk sutures and a posterior gastro-enterostomy (Mayo) was per- 
formed. The patient was well Aug. 23, 1920, when he had a sudden seizure of 
severe abdominal pain in the region of the umbilicus. He vomited a brownish, 
foul material continuously. He was given enemas and a purge by his family 
physician without relief. 

Examination . — This revealed rigidity of the muscles of the upper left 
abdominal quadrant and tenderness to the left of the umbilicus. A provisional 
diagnosis of acute obstruction was made. 

Operation . — Through a high rectus incision the upper jejunum, just distal 
to the gastro-enterostomy, was found to have slipped back between the portion 
of the jejunum which had been left between the origin of the jejunum and 
the point where the gastro-enterostomy was made and the transverse mesocolon. 
The entire jejunum and more than half of the ileum had followed this loop 
through the opening. The bowel was in good condition and was not discolored. 
There was a small amount of bloody fluid in the abdominal cavity. The bowel 
was pulled back and a few sutures were placed between the mesenterj', at the 
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origin of the jejunum and the transverse mesocolon, so as to close the opening. 
The patient’s recovery was uneventful (Fig. 2). 

Case 3 (A 348789). — History. — Mr. A. M., aged 61, was examined Feb. 8, 
1921. He had been operated on elsewhere in December, 1920, for hemorrhoids, 
and the diagnosis of cancer of the rectum was made. After the operation, 
there was less pain on defecation, but blood and mucus persisted. 



Fig. 1.— Hernia of the small intestine behind anastomotic loop of jejunum, 
following anterior gastrojejunostom}A 

E.vam{nation . — The patient appeared to be fairly well nourished. The blood 
pressure was 154 systolic and 90 diastolic. The thyroid was enlarged. A large 
papillary mass appeared in the rectum. The urine showed a trace 
Blood examination revealed; hemoglobin, 70 per cent.; erythrocytes, ,a . 
leukocytes, 7,500. Roentgen-ray examination of the chest for metastasis v- 

negative. 
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COMMENT 

The symptoms from this type of internal hernia do not appear to 
differ from the usual symptoms of high intestinal obstruction of acute 
onset. The complication is more likely to occur in cases in which some 
bo^l obstruction has distended and enlarged the loops of 

P’^event this form of intra-abdominal hernia, Moschcowitz and 
Wilensky advised suturing together the margins of the opening, using 



Fig. 3. — Hernia of the small intestine around colostomy. 


the afferent loop of the jejunum and the inferior leaf of the mesentery. 
Bryan sutured the small intestine to the right lateral abdominal wall 
with several silk sutures. The latter method, however, should not be 
advocated. The practice followed in the clinic is described below: 

In the anterior type of gastrojejunostomy, the abdominal toilet is 
carefully completed before the abdomen is closed. It is noted that no 
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loop of bowel hcis passed behind the anastomosis either from right to 
left or from left to right. The omentum is placed around the loop 
of the anastomosis as securely as possible. "Whether or not several 
sutures should be placed between the mesentery of the loop and the 
omentum is an open question. 



Fig. 6. — Continuous suture between parietal peritoneum and mesosigmoid, 


closing space on suture of colostomy. 

In the retrocolic short loop gastrojejunostomy (the long loop retro 
colic method is no longer performed), the space behind the anastomotic 
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THE RADICAL CURE OF TUBERCULOSIS OF THE 

SEMINAL TRACT* 

I. BRIEF SURVEY OF THE LITERATURE 
HUGH HAMPTON YOUNG, M.D. 

BALTIMORE 

In a paper which I presented three years ago (“Presentation 
of a Radical Operation for Tuberculosis of the Seminal Tract”), I 
discussed at some length the operative treatment of genital tuber- 
culosis. I referred to the fact that beginning with the first seminal 
vesiculectomy by Ullmann in 1889 reports of thirty-two cases were to 
be found in the literature during the next twNve years ; but the results 
which were obtained by the various technics employed were so 
unsuccessful that I was forced to the conclusion that the radical 
operation for tuberculosis of seminal vesicles should be abandoned. 
A further review of the literature showed that the testicle was rarely 
involved, except late in the disease, and that epididymectomy gave as 
radical results as castration. Von Biigner’s plan of injecting the vas 
with glycerin containing iodoform was approved; but his plan of 
forcible evulsion of the vas was shown to be bad by published reports 
of cases in which both fatal infections and hemorrhages had occurred. 

I proposed a new method of permanent drainage of the deeper tract, by 
bringing the upper end of the vas deferens out through, the upper end 
of the wound in the groin, where I advised that it be subsequently 
injected with oil containing iodoform or phenol, which I also employed.^ 
Following this paper, Belfield added great interest to the question 
of treating the seminal vesicles and ampullae by vasostomy m cases 
of chronic infection, and in 1909 Cunningham ^ brought up again 
the question of treatment of tuberculosis of the seminal vesicles by 
means of injection of phenol through the vas deferens, reporting thirty 
four cases in which good results were obtained by this procedure. ^ 
m);- recent paper,® in 1918, I called attention to the fact, that, at my 
clinic, studies of the cases as years passed by showed that 
many good surgical results were obtained by removal of the ex ern 
focus (epididymectomy or castration), in many other cases 
unsuccessful results were obtained, many of the patients dying m g 
misery from tuberculosis, urogenital or generalized. 

* From the Brady Urological Institute and the Johns Hopkins 

1. Legueu: Traite chirurgicale d’urologie, 1910. 1916 

2. Cunningham. J. H., Jr.: Surg, Gynec. & Obst. 23:385 (Oct.) ' 

3. Young, H. H.: Surg., Gynec. & Obst. '26:375 (April) 191 • 
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Bruns reported 111 cases, in seventy-eight of which unilateral castra- 
tion had been performed and in thirty-three double castration. A study 
of these unilateral castration cases showed that the second testicle was 
involved in 34 per cent, of the cases in three months ; in 40 per cent, 
in four months, and in 60 per cent, in the later cases. He stated that 
in the seventy-eight cases in which unilateral castration had been per- 
formed, the other testicle became involved in 26 per cent, of the cases. 
As to results obtained by castration, his statistics showed that after 
unilateral castration only'^ 45 per cent, of the patients were cured and 
after bilateral castration only 56 per cent. 

Simon stated that in 107 cases, sixty-one remained cured after 
castration (57 per cent.). Koenig, who opposed this operation, advised, 
in the treatment of tuberculosis of the epididymis and testicle, 
“vesiculoprostatic resection, the best means of access for which con- 
sists in osteoplastic resection of the sacrum, the last piece of the sacrum 
and coccyx, being included in the flap.” He gave no figures regarding 
results. 

Boguljubofif ® reported 166 cases with tuberculosis of the epididymis 
or testicle and stated that in 137 cases the other side became tuberculous 
within an average time of fourteen months. 

Berger gives the results in forty-seven cases which were followed 
over a period of from one to twenty-five years (Table 1). 


TABLE 1. — Results in Forty-Seven Cases 


1. 

Not operated 

Number 

1 

Now Ap- 
parently Well 
0 

stationary 

Dead 

1 

Dead, 
per Cent. 
100 

2. 

Resection of eoididj’inis 

3 

3 

— 

— 


3. 

Single castration 

34 

20 

4 

10 

S3 

4. 

Double castration 

9 

0 

— 

3 


Total 

47 

•• 


14 

29 


Berger asserts that of the forty-three single or double castration 
cases, twenty-six patients (60.4 per cent.) are well up to the present, 
but some have been followed only two years or less. 

In England, Thompson Walker® presented a study of 100 cases 
of genital tuberculosis in fifty of which the genital organs were 
involved, in thirt 3 ^-seven the genital and urinary organs, and in thirteen 
there was genital or other tuberculosis (lung, etc.). Of the 100 cases, 
the epididymis was affected in seventy-two ; in sixteen the prostate an 
seminal vesicles were also involved; in fourteen the seminal lesice 
and in sixteen the prostate alone,, was involved. We have, there ore, 

6. Boguljiiboff, cited by Whiteside, G. S.: Northwest Med. 18:83 (May) 1919. 

7. Berger: Arch. f. klin. chir. 68:915, 1902. .Tlrinarv 

8. Walker, Thompson : Surgical Diseases and Injuries of the Gem o 

Organs, London, Csssell & Co., 1914. 
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The inoculation of the urethra or even of the cord is insufficient; it is neces- 
sary also to prepare the testicle for the reception of the tubercle bacillus by 
previously injuring it. 

Walker says that he inoculated the rabbit’s urethra and exposed the 
left testicle to a certain amount of trauma. At the end of six weeks 
the epididymis was indurated and swollen on the injured side. 
Necropsy revealed tuberculosis of the epididymis and seminal vesicle, 
and microscopic examination showed tuberculosis in the epididymis 
but none in the body of the testicle. 


The possibility of the lymphatics of the cord acting as the path along which 
a descending infection of the testicle may advance is supported to some extent 
by the appearance of specimens obtained from the postmortem room. The 
prostatic and the testicular extremities of the cord are markedly affected, 
while the intervening portion appears healthy. If transverse sections are made 
and examined microscopicall}'^, the following is found to be the exact distri- 
bution of the tuberculous lesions. Transverse sections of the prostatic extremity 
show that the vas itself is comparatively healthy^ but that it is surrounded by 
a thick shell of tuberculous tissue, due to infiltration of the lymphatics. As 
the testis is approached, this lymphatic infiltration gradually ceases. A section 
of the distal end of the vas, near its termination in the epididymis, shows a con- 
verse condition. Here the disease has affected the mucosa of the vas, whereas 
the surrounding lymphatics give little or no evidence of any lesion. This dis- 
tribution suggests that the disease is disseminated from the prostate, by the 
lymphatics, and that having encountered in the epididymis a suitable soil in 
which to flourish, it produces a returning rvave of infection in the vas through 
the agency of the secretions. It is interesting to note that microscopic exam- 
ination of genital tuberculosis experimentally produced in the rabbit by 
urethral inoculation shows an exactly similar distribution. The prostatic 
extremity of the vas and the seminal vesicle on the diseased side were enclosed 
in a dense shell of tuberculous infiltration, the inner coat of the vas being 
healthy. 

Apart, therefore, from other considerations, the distribution of the tuber- 
culous tissues alone suggests the existence in these cases of two opposing 
waves of infection, a centrifugal and primary one, traveling from the pros- 
tate along the lymphatics ; a centripetal and secondary one, in the lumen of 
the vas, due to the flow of infected secretions from the diseased epididymis. 

From a consideration of the foregoing, it would appear that infection of 
the testicle (i. e., epididymis) takes place in tuberculosis, as in gonorrhea, 
by means of the cord and not by the blood stream. That cases of hema 
togenous infection occur cannot be denied, but they are few in number. The evi 
dence in favor of the frequent occurrence of a descending genital tubercu osis 


may be tabulated thus : ... ^ 

Clinical Evidence : 1. It is extremely rare to find tuberculosis of the 
mis without discovering some indication of disease of the prostate or 
vesicle. 2. Prostatic tuberculosis is not infrequently found without any les 
of the testicle. 3. The appearance of a tuberculous epididymitis j 

ceded by symptoms of prostatitis or vesiculitis, the so-called proarom 
tuberculous epidid)'mitis. 4. The earliest signs of tuberculous ooooses 

at the lower pole of the epididymis. This is the first position w 
aViine march of the invading organisms. 5, Tuberculous d.sease of the 
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In a series of important studies on genito-urinary tuberculosis, 
Barney brings forth similar testimony. He states that in 821 cases 
in which the condition of the prostate and seminal vesicles were 
described, 75 per cent, were tuberculous. In 101 rectal examinations, 
in Barney’s own series of cases of genital tuberculosis, seventy-six 
revealed tuberculosis of the prostate and seminal vesicles. 

Barney states he has traced 113 patients with tuberculosis of the 
epididymis from one to twenty-five years after operation and that 
27 per cent, of them died of some form of tuberculosis. 

Eighty-one per cent, of these examined and 28.5 per cent, of those reached 
only by letter are still within the six-year period, and it is to be expected that 
the deaths from tuberculosis are not j'et at an end. 

Barney makes this very strong statement : 

I have already pointed out the disastrous results of genital tuberculosis 
and the rapidity of recurrence. It has been shown that the second epididymis 
is attacked in 26.5 per cent, within the first six months after the involve- 
ment of the first side; that the disease invades prostate and vesicles in 30 per 
cent, within the same time; and that testicular tuberculosis within this period 
is found in 60.6 per cent. If one adds to this misfortune, the annoyance of 
bladder irritability and the affliction of sterility, the outlook is indeed gloomy. 
It is also to be remembered that a very large proportion of patients have the 
proverbial ax hanging over them in the form of tuberculosis of other organs. 

In an interesting paper, in 1910, Whiteside called attention to the 
fearful ravages of testicular tuberculosis and ineffectiveness of resec- 
tion of the epididymis. He stated that from necropsies and from his 
own clinical experience, he believed involvement of the entire genital 
tract to be frequent and that epidid)'^mectomy was entirely inadequate. 
He stated that he had recently practiced a radical operation in such 
cases and cited the case of a man in a deplorable condition with 
involvement of both testicles, epididymides, prostate, seminal vesicles 
and bladder, in which a wonderfully satisfactory result was obtained 
by extirpation of the seminal vesicles as well as the external foci of 
involvement. Whiteside has recently published another article on 
this subject, reciting several remarkable results in apparently desperate 
cases and calling attention to the value of a radical operation. In 
response to a personal letter of inquiry, he states that he is unable to 
Sfet exact statistics of the number oficases or results, but be says . 

My remote results, quoting from memory, are that those patients who ha\e 
survived are well. They even tell me that they are sexually able to per 

10. Barney, in Cabot, Hugh : Modern Urology, Philadelphia, Lea & Febiger, 
1918. 

11. Whiteside, G. S.: California State J. M. 8:88, 1910. 

12. Whiteside, G. S. : Northwest Med. 18:83 (May) 1919. 
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previous left epididymectomies ; both, five. Epididymectomy : right, 
ten, of which one had right castration and three had left castration 
subsequently; left, six, of which four had right castration; right and 
left, five, with no note of castration subsequently. Nephrectomy, 
three. Perineal section, one. Suprapubic cystotomy, one, and no 
operation, fifteen. 

I have been unable to secure sufficient replies from these patients 
to determine the results which have been obtained by the treatment 
which was given. Most of these patients were operated on a long time 
ago, before the operation of epididymectomy had been introduced into 
this hospital, and as a result, castration was more often employed. 
I have searched the pathologic records and found satisfactory patho- 
logic reports as follows ; Castrations, twenty-seven. In all of these 
the testicle, epididymis, vas and part of the cord had been removed. 
Gross and microscopic examination demonstrated tuberculosis of the 
epididymis in all of these cases and in twenty cases also tuberculosis 
of the testicle. In seven cases the testicle was reported to be uninvolved, 
although the epididymis was markedly tuberculous. Only two of 
these cases were bilateral. 

B. I have next analyzed sixty-six cases of tuberculosis of the 
epididymis in patients who have presented themselves at my private 
clinic and which have been carefully studied by Dr. R. S. Young. The 
totals are as follows: 


(a) Involvement According to Clinical Examination. — Epididymis: 
right 16, left 17, both 23, total 56; testis: right 7, left 4, both 0, total 
11 ; vas : right 2, left 1, both 3, total 6; vesicles : right 6, left 1, both 11, 
total 18; prostate: 14; bladder: 24; kidney; right 5, left 11, both 2, 
total 18. 


(b) Operations Performed . — No operation; 10; castration: right 7, 
left 10, both 0, total 17 ; epididymectomy : right 10, left 12, both 10, total 
32; vasectomy: 1; suprapubic cystotomy: 0; nephrectomy: right 3, 


left 8, total 11. 


(c) Subsequent Operations. — Castration: total 2; epididymectomy- 
double 1, single 2, total 3; nephrectomy: total 2; abscess of groin, 
total 2; suprapubic cystotomy: total 1 ; abscess of perineum: total 1. 

(d) Ultimate Results {Sixty-Three Cases). — No information; 18, 
well: 8; improved: 14; not improved: 2; worse: 3. 

Length of Time Follozoed Since Operation.— Under one year 2, 
between one and two years 7 ; two years 4 ; three years 2 , four years , 
five years 1 ; six years 2 ; eight years 1 ; nine years 1 ; twelve years 

Fatal Cases.— Eighteen (not included in above dates). 

Interval Between Admission and Date of Death.— In hospital , ess 
than one year 6 ; one year 1 ; two )^ears 2 ; three years 1 , not s a e 
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Table 5 seems to show very conclusively that when the opposite 
epididymis becomes involved, it is generally the globus minor which 
is first involved. This is also true in cases of epididymitis in which 
the vesicles were found to be involved on rectal examination. Can 
we not justly draw the deduction that in almost all cases the primary 
focus in genital tuberculosis is the seminal vesicle? The prostate is 
definitely shown to be very rarely the primary seat of involvement. 

H. In another study of seventeen cases of castration, all were 
found to be tuberculous. No cases were found in which normal testes 
were removed. In one case of double epididymectomy, right castra- 
tion was performed three years later (elsewhere). 

Resume . — Of 63 patients, 53 were operated on. Of these 18 are 
dead. Eighteen have not been heard from, and of the 45 patients 
heard from 13 have been operated on less than three years and 9 less 
than two years. There remain, therefore, out of 63 patients, only 27 who 
are known to be or have been alive three years or more since admission. 
Of these, onl)?^ 22 are known to be well and improved. When we 
consider also that, with the exception of about 24 cases, the urinary 
tract was not involved and that the cases were, therefore, fairly early 
cases of tuberculosis of the seminal tract, the results obtained by 
epididymectomy or castration are, indeed, very poor. In many of 
these cases, the seminal vesicles were injected through the vas from 
one to four times during and after operation, either oil containing 
iodoform, or pure phenol being employed. 

I. Analysis of 28 cases of urogenital tuberculosis without involve- 
ment of epididymides or testicles. Region Involved (as made out at 
examination). — Prostate, 26; seminal vesicles: right 1, left 1, both 14, 
total 14; bladder: 16; kidney: right 2, left 2, both 1, total 5. 

Previous Operations Performed. — Nephrectomy: right 2, left 1, 
total 3; suprapubic cystotomy: total 1. No operation on prostate or 
vesicles in any of these cases. 

Results . — Only one of these patients is said to be well. He had 
tuberculosis of the prostate, bladder and both seminal vesicles and 
no operation was performed. Seven y^ears have elapsed since he 
here. He has not been examined personally. Four are said to e 
improved and have been followed six, seven, eight, and thiTtee 
years, respectively. In all of these 4 the prostate was involve , in 
the seminal vesicles, and in 2 the bladder. The kidney was invo 
in 1 case, and in the latter case nephrectomy was performed, n i 
other 3 cases no operation was performed. Repeated 
have been sent out and 5 patients are known to have died. In c . 
no information can be obtained and it is probable that m many 
these the patient has died. 
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Table 4 is further proof that after removal of the disease on one 
side there remains a tuberculosis of the seminal vesicles from which 
the other testicle becomes involved, another argument showing the 
inadequacy of unilateral epididymectomy or castration. 

TABLE 4. — Involvement of the Second Testicle After Operation 


Author 

Bruns 

Keyes 

Barney 


Opposite Side 
Involved, 
Cases per Cent. 

IS 26 

Sr 53 

106 15 


^¥e have next collected the statistics as regards cures which have 
been effected by castration or epididymectomy. In most instances, it is 
not possible to determine whether a single or double operation was 
performed, nor have the epididymectomies been separated from the 
castrations. There is also considerable variation as to what is con- 
sidered a cure — a cure of the lesion in the scrotum is quite different 
from the entire disappearance of the disease from the whole genital 
tract. In my statistics I have included in Table 5 also cases of patients 
that were improved. If cures only were included, the percentage 
would be only 19 per cent. 


TABLE S. — Percentage of Cures Obtained by Castration or Epididymectomy 




Vnilaternl 

Bilateral 

Bilater- 



Castration 

Castration 



or Epididy- 

or Epididy- 

nlity Not 


Number of 

mectomy. 

mectomy, 

Specified, 

Author 

Cases 

per Cent. 

per Cent. 

per Cent. 

Bruns 

111 

45 

56 


Berger 

Simon 

47 

107 

55 

66 

57 

73 

Barney 

113 



Cunningham 

32 



45 

Young 

42 

* * 

■■ 


These statistics are proof of the ineffectiveness of castration or 
epididymectomy. Barney’s words are most significant : 

Let us now see. what encouragement can be held out to the patient with 
tuberculosis of the epididymis (by epididymectomy). I have traced 113 ® 

from one to twenty-five years after operation. Over 27 per cent, have le o 
tuberculosis. Within the period of six years after operation 41 per cent o 
fifty-eight patients have died of this disease. Eighty-one per ccbI. o o 
examined and 28 per cent, of those reached by letter are still within the si - 
year period in which I have found that 85 per cent, of deaths occurred, 
is to be expected that tuberculosis in this group is not yet at an end. 

In order to determine the relationship beUveen cure and the 
presence of tuberculosis of the prostate and vesicles, I have caretu y 
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TABLE 9. — ^Abstract of Report of Pathologic Tissues Removed; Epididvmides, Testicles and Kidneys 
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culosis of the seminal tract in the great majority of cases radical 
operation not only should be the operation of choice but also should 
be practically imperative. A realization of the bad results obtained by 
epididymectomy or castration led me in 1913 to devise the radical 
operation, described herewith. 



Fig. 3.— Central tendon put on tension by bifid retractor, previous to division. 

IV. RADICAL OPERATION FOR EXCISION OF TUBERCULOSIS OF 
ENTIRE SEMINAL - TRACT 

The radical operation has been previously described; but it is 
necessary to refer to it again here (Fig. 1). The ordinary ’nverte 
U perineal incision (Fig. 2), which I have always employed for perm 
prostatectomy, has been found entirely satisfactory, and after n . 
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is experienced in uncovering the fascia of Denonvillier, the anterior 
layer of which forms the covering of, and index to, the seminal vesicles 
and vasa deferentia as well as the prostate. In this exposure, the 
levator ani muscle is drawn outward and backward with the rectum. 






Deep layer of Denonvi/lier's fascia 


Fig. 8. — Levators and rectum drawn away, exposing fascia of Denonvillier 
Y-shaped incision through fascia. 

exposing the superficial or posterior layer of Denonvillier’s fascia, 
which is divided near the apex of the prostate, thus uncovering the 
shining anterior or deep layer of Denonvillier’s fascia. The incision 
which must now be made through the fascia of Denonvillier in order to 
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Fig. 11. — ^Vas, vesicle, and most of left lateral lobe of prostate have been 
removed in one piece; division of ejaculatory duct near urethra may be noted. 




Fig. 12. — Variation: Left vesicle and lobe of prostate excised, and vas 
drained; right vesicle being freed; line of incisions in prostate may be note 
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should be removed, whether the disease is unilateral or bilateral, and 
whether one or both lobes of the prostate should be excised. Another 
advantage of 'this method is that the main blood supply which lies 
externally is thus drawn outward with the fascia and hemorrhage is 
avoided, making it possible to see well and to carry out a delicate 
and accurate blunt dissection without injury of the bladder, to which 
the ampullae and vesicles are often very adherent. The vas deferens 
should be freed well up toward the point where it winds around the 
ureter and then deeply clamped and divided, the upper clamp being 
left attached to assist in removal of the upper portion of the vas 
deferens, in case epididymectomy or castration is contemplated. The 
seminal vesicle on this side is then freed ; firm adhesions being clamped 



Fig. 13. — ^Variation ; Show- Fig. 14. — Drainage and su- 
ing drainage of vas and vesicle ture. 
for chronic inflammation ; pos- 
terior wall of vesicle excised. 

and ligated after division in order to prevent bleeding; and, working 
from above downward, the seminal vesicle and ampulla are freed until 
the juncture with the upper portion of the prostate is reached (Fig. 10). 
If it seems desirable to remove a portion of the prostate, an incision 
is made parallel to, and at a distance of 5 mm. from, the urethra (and 
dividing the ejaculatory duct) but leaving sufficient tissue to avoid a 
urinary fistula (Fig. 11). After this, the prostate tissue is easily 
removed by enucleation from within its capsule, and the fascia, 
ampullae, seminal vesicle, and lateral lobe of the prostate are thus 
removed in one piece as shown in Figure 22. If the disease is bilateral, 
the same procedure is carried out on the opposite side (Fig. 21), 
working from above downward and not separating the ampullae and 
vesicles from one another, but remoAung in one piece the vesicles. 
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ampullae and lateral lobes of the prostate as shown in photographs of 
specimens removed. The wound is then partly closed, the long clamps 
being left attached to the upper ends of the vasa deferentia for traction 
later. In this closure, two iodoformized gauze drains are provided 
(Fig. 14), and the wound closed as in prostatectomy, leaving room 



Fig. 15. — Closure and drainage of perineal wound. 



Fig. 16. — Incision in groin, with patient in horizontal position ori back. 

for drainage (Fig. 15). The patient is then placed on his back with 
the legs separated, and epididymectomy or castration carried out accord- 
ing to the extent of the lesion. This is also so well shown in the illus- 
trations that detailed description seems unnecessary. The incision is 
usually made along the cord just below the external ring (Fig- 1 ) 
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and, after division of the dartos, the testicle is delivered (Fig. 17), the 
tunica vaginalis opened (Fig. 18), separation of vas and epididymis 
from veins and testicle carried out, and finally, division at the upper end 
of the epididymis made with a cautery (Fig^ 19). After suturing the 



Fig. 17. — Cord and testicle delivered; separation of vas from vessels. 



Fig. 18. — Tunica vaginalis opened, exposing tuberculous epididymis. 

tunica vaginalis behind the testicle so as to avoid hydrocele formation, 
and after careful hemostasis, the testicles and veins are dropped back 
into the scrotum and the vas deferens, which has been exposed up to 
the external ring,, is then freed from adhesions in its canal by a 
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to-and-fro traction (Fig. 20), produced by an assistant pulling upon 
the clamp (which I mentioned before as being left upon the lower 
end of the vas deferens), alternating with traction by the operator upon 
the vas deferens in the groin. In this way the vas is quickly freed, 
and, the vas having been liberated from the clamp by the assistant, is 
easily drawn out in its entirety through the groin, as shown in Figure 
21. In this way is accomplished complete and radical removal of the 
entire seminal tract, with the exception of a few millimeters, the 
terminal portion of the ejaculatory duct, and we have also a conserva- 
tive prostatectomy, leaving the urethra and bladder intact. This pro- 
cedure, which is thorough and radical, is carried out with ease and 
is entirely under visual control. 

Figures 25 and 26 show first of all the impossibility of satisfactory 
drainage through the natural passages in cases of tuberculosis of the 
seminal vesicles and the ampullae and epididymides. The tortuous, 



Fig. 19. — Excision of epididymis completed with electrocauter}'. 

sacculated character of these structures is graphically shown in dis- 
sections, corrosion specimens, and roentgenograms after the injection 
of thorium nitrate. The importance of operations upon the vesicles 
in these conditions is clear. 

V. HISTORIES OF FIFTEEN CASES OF EXCISION OF SEMINAL TRACT 

A brief account of each of these cases, with operations, pathology 
and results is presented herewith. Later on an analysis is given. 


REPORT OF CASES 

Case 1 (No. 3515, B. U. 1.) .-History. ~C. K., aged 28, single, admitted, 
April 10, 1913, complained of pus in the urine. Twelve years 
had had fever and night sweats and had lost weight, but there ha . 

hemoptysis. He had gonorrhea eight years previously, which ‘^sted six - 
complicated by rheumatism. There was no renal colic, stone or hema 
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months previously, he was examined by a physician who found pus and 
tubercle bacilli in the urine. Cj'stoscopy and ureteral catheterization by a 
physician in New York were reported to have shown tubercle bacilli from the 
right kidney. He now suffered no pain, felt perfectly well and voided urine 
normally, and had passed no blood. 

Examination . — The right kidney was apparentl)’- distinctly enlarged and felt 
firmer than normal ; the left kidney was negative. Both testicles, epididymides, 
cords and groins were negative. The prostate was normal in size, smooth, 



Fig. 20. — Method of traction (alternating between operator in groin and 
assistant pulling on clamp in perineal wound on vas) by which vas is freed and 
then drawn out through inguinal canal. 


not indurated or tender. Both seminal vesicles were negative. The urine 
was clear ; microscopically, there was only an occasional leukocyte. No tuber- 
culosis was found. Cystoscopy revealed : no residual urine ; bladder capacity 
380 c.c. ; no stricture. The left ureter was normal in appearance. The right 
ureteral ridge was slightly swollen, and the mucous membrane around the 
orifice was edematous. On the anterior wall of the bladder, very small red 
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Fig. 21 (Case 4, No. 4322, B. U. I.). — Specimen, showing removal of both 
vesicles, vasa and lateral lobes of prostate; median portion and urethra pre- 
served; castration on one side, epididymectomy on the other. 



tafcroi 


/olre 


of 


Fig. 22 (Case 3, No. 3632, B. U. I.).— Testicle with surrounding inflamma 
torj- tissue, vas, seminal vesicle, and a portion of prostate remo\ed. 
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areas were seen in the mucous membrane. No ulceration was visible. The 
rest of the bladder was negative. The prostatic orifice was negative. Ureteral 
catheterization revealed: right side, urine cloudy; microscopically, epithelial 
cells, an occasional leukocyte. No bacteria were found. Urine from the left 
side was clear, and microscopically negative. 



RIGHT LEFT 


Fig. 23. — First total excision of seminal tract, bilateral, and part of pros 
tate ever performed (1900).“ 



Fig. 24. — Specimen from second case in which removal was accomplished by 
suprapubic retrocystic extraperitoneal route. 


The patient was advised to go to a mountain resort, Saranac Lake. Here 
pus and acid-fast bacilli were found in the urine; but animals injected with 
the purulent urine did not die of tuberculosis. March 24, 1914, a letter from 
this physician said: “Last catheterized specimen of bladder urine contained 
numerous tubercle bacilli.” One month before, and two days after intercourse. 


14. Young, H. H.: Ann. Surg. 30:601. 1901. 
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there was a slight pain in the upper end of the left epididymis The next dav 
the swelling had increased very rapidly so that there was a marked enhrt 
men , which seemed to involve the entire testicle and was very tender t S' 

ireSl^nc^rurtltlS/"^ ^ or' 

Urine voided in three glasses was clear, and contained only a few fine 

telrn gjasses. There was no urethral discharge. The right 

testicle, epididymis and vas were normal. The left side of the scrotum was 



Fig.. 25. Injection of vesicles with thorium, showing tortuous cavities and 
impossibility of adequate drainage. 



Fig. 26. — Corrosion specimens showing multiplicity of cavities in vesicles. 

enlarged and reddened; there was a small hydrocele but the testicle did not 
seem enlarged or indurated. The entire epididj'mis was greatly enlarged, 
markedl3’ indurated and moderatel}' tender, but not adherent to the skin. The 
vas deferens \vas slightly enlarged, smooth and slightlj^ indurated. Rectal 
examination revealed: prostate, normal in size and consistencj’; right seminal 
vesicle, palpable, possibly verj- slightl3’^ indurated and adherent; left seminal 
vesicle, indurated. The inner side of the vas deferens could be palpated for a 
distance of about 3 cm. above the prostate. Moderate adhesions were present. 
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painful in the beginning and since then there had been no pain except dur- 
ing the last few days. There was no complaint referable to the bladder or 
kidneys. 

Examination— Tht patient was of apparently excellent physique. The chest 
showed no definite areas of dulness; no increased fremitus. However, there 
were numerous rales, of coarse character, over both bases, especially marked 
between the fifth and sixth ribs, posteriorly. The penis was normal. The 
right side of the scrotum was normal; the left side was filled with a large 
rounded mass, consisting of hydrocele and considerably enlarged, indurated, 
nodular epididymis. The testicle could not be made out in the hydrocele. The 
vas deferens was indurated and enlarged. Rectal examination revealed : pros- 




Fig. 27, — Scrotal and prostatic diagram showing regions found involved on 
examination before operation. This and subsequent diagrams of other cases 
were made during physical examination of the patient. Normal structures are 
Avhite; slight induration is indicated by parallel lines; fairly marked indura- 
tion b}'^ crossed lines. Adhesions are also shown. 


tate, enlarged on the left side, nodular and very hard; right lobe of tie 
prostate, negative. The left seminal vesicle was also considerably enlarge . 
indurated and nodular. The right seminal vesicle was only slightly indurate 


and not enlarged. .„hpr- 

The urine contained a few pus cells but no bacteria. One per cent, 
culin test was positive; Wassermann and luetin tests were "^satn-e. 
results of the phenolsulphonephthalein test were : appearance time, ten • 

first hour, 50 per cent. ; second hour, 38 per cent. Cystoscopy revealed 
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The patient remained in the hospital until July 20. During this time he con- 
tinued to have fever which ranged between 100 and 102.5 F. at night. The urinary 
condition seemed excellent. Beck’s paste injected into the fistula was ineffectual. 
The temperature indicated deep-seated tuberculosis, probably of the lungs, but 
not definitely made out. The urinary tract was negative. 

Third Admission. — Jan. 28, 1915, he complained again of perineal fistula. He 
had had night sweats off and on since his last discharge. For the last two 
months, he had had pain in the chest and swelling on the left side of the 
sternum in the region of the second rib. 

Examination. — The patient was emaciated; anemic and pale. At the junc- 
tion of the second costal cartilage with the sternum, there was a rounded fluc- 
tuating mass about the size of a small hen’s egg, which was not tender. The 
chest was of the flat type ; the infraclavicular fossa was well marked ; expansion 
was poor. The percussion note and vocal fremitus were greater on the right 
than on the left. Expiration was harsher and more prolonged on the right than 
on the left. The kidneys were neither palpable nor tender. The penis was 
normal. On the left side of the scrotum, the testicle was absent, and there was 
a small discharging sinus. The right testicle was normal in size, shape and 
consistency. The right epididymis was slightly enlarged, irregular and indurated 
throughout. The vas deferens was about three or four times the normal size 
and indurated up to the external ring. In the perineum, there was a scar and 
a urinary fistula. Rectal examination revealed : right lobe of prostate, slightly 
irregular, indurated and adherent. In the region of the left lobe, there were 
adhesions which obscured the outline of the prostate. The tissues were not 
greatly indurated here nor enlarged. The right seminal vesicle was moderately 
indurated, enlarged and adherent. On the left side, the testicle was absent and 
there was only moderate cicatricial induration. The rectal wall was negative. 

February 7, the patient was apparently going down hill and had tubercu- 
losis of the remaining seminal vesicle and of the right epididymis. There was 
apparently also involvement of the lung and probably' of the chest wall. It was 
thought wise to perform epididymectomy under local anesthesia and to inject 
thq seminal vesicle with oil containing iodoform, through the vas deferens 
into the groin. 

Operation (Frontz). — February 8, under local anesthesia (procain 1:400), 
an incision was made in the groin ; the testicle and cord were withdrawn. Epi- 
didymectomy was performed, with removal of the vas up to the groin. The 
wound was closed. 

Pathologic Report. — Examination of tissue revealed extensive tuberculosis of 


the epididymis. 

Course.— FebTua.ty 11: Since operation, the patient had suffered with con- 
tinuous hiccups. The temperature, which before operation rose to 102 or 103 h. 
every evening, had risen only to 99 F. The fluctuating mass in the chest ^\a 
had increased and now measured 8 by 13 cm. and extended from the 
border of the first rib to the upper border of the fourth rib on the e t^i e 
of the sternum. This w'as aspirated for diagnosis, and pus withdrawn— no 
tubercle bacilli or other bacteria were found in it. The abscess vas len 
incised and about 2 ounces (59.2 c.c.) of pus evacuated. Cultures were nega iv 

February 13: A roentgenogram of the chest showed a ® ,, 

eralized involvement of both lungs, 'especially the upper left, with ® 'S’ 
Sickening over this region. Both apexes were infiltrated, with 
of the right. There was a small consolidated area m the left upper 
the third rib. The right side of the diaphragm was "hooked up. 
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mis and vas, 17 cm. long. The seminal vesicle was indurated, nodular and 
filled with brownish serum. The ampulla contained a large yellow nodule con- 
taining creamy pus. The right lateral lobe of the prostate contained numerous 
tuberculous areas. The left lateral lobe of the prostate was fibrous; no tuber- 
culosis was seen. The testicle and epididymis both contained numerous areas 
of caseous tuberculosis. 

Course.— The temperature was 102 F. on the fifth day; after that it soon 
returned to normal. All drains were removed on the fifth day; there was no 
urinary leakage. 

June 26: Convalescence was uneventful. There had been no urinary leak- 
age since operation. The wound had healed. The patient was discharged in 
good condition. 

Jan. 13, 1916: The patient returned much improved. He retained urine five 
hours and did not have to void at night; there was no urinary symptoms 
There was no perineal urinary fistula. The right testicle and epididymis were 
missing ; the left testicle, epididymis and vas were negative. The right seminal 
vesicle and left lobe of the prostate (excised at operation) were moderately 
indurated and cicatricial ; the left seminal vesicle was slightly enlarged and 
indurated. The urine was negative. Careful search for tubercle bacilli was 
made but none were found. 

June 28: The patient returned complaining of recent swelling of the left 
epididymis. His general condition was good otherwise. There were no urinary 
symptoms, no sinuses or fistulas. Examination showed that the left testicle 
was normal, the globus minor of the epididymis was markedly enlarged, 
indurated and tender, the swelling was almost entirely limited to the globus 
minor. There was a slight induration of the globus major; the vas was slightly 
indurated, nodular and enlarged. The left seminal vesicle was markedly 
adherent, indurated and tender. The prostate was negative. The right vesicle 
was absent; there was moderate cicatrix. The urine was clear, with a few 
shreds. 

Opcralion (Colston). — June 30, a left epididymectomy was performed through 
an incision in the groin. The globus minor was found to be markedly enlarged, 
with a small abscess between it and the testicle. The globus major and tes- 
ticle were apparently negative. Complete epididymectomy was performed, with 
removal of the vas in the groin. The stump was cauterized with phenol and 
ligated. The wound was closed without drainage. 

July 8: The patient left the hospital in six days. The postoperative course 
was uneventful. The wound healed by first intention. The general condition 
was excellent. 

March 8, 1921 : Numerous questionnaires have been sent to the patient. 
None was returned, although evidently they have been received. It is impossible 
to get any information as to the condition. The patient was probably alive, 
but outrageously unappreciative. Apparently, a good result was obtained. 

Comment. — In this case and also- in Case 2, both seminal vesicles and 
ampullae should have been removed. This would almost surely have prevented 
the subsequent involvement of the remaining epididymis and, possibly, have 
saved life in Case 2. 

Case 4 (No. 4322, B. U. I.).— History.— J. E., aged 28, admitted, April 17, 
1915, complaining of urethral fistula, gave no history of pulmonary disease. 
He had had gonorrhea seven years previously and again three years later, an^ 
for a third time one year previously. About three weeks after the jegm 
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was much scar tissue. The left globus minor was definitely tuberculous, but the 
body and globus major were apparently normal and the vas deferens appeared 
to be normal. On the right side, there was a large abscess which apparently 
involved the globus minor and partially involved the testicle. The remainder 
of the testicle was apparently normal. The body and globus major of the 
right side were tuberculous. Microscopic confirmation was obtained everywhere. 

Course . — The drains were removed on the fourth day. A catheter was 
introduced into the urethra. 

April 28, the patient had been having pyrexia, reaching as high as 101 F.; 
his condition otherwise was good. Most of the urine was voided through the 
urethra ; the perineal fistulas were still open. The scrotal wounds were appar- 
ently healed. 

May 10, the patient continued to have moderate pyrexia every evening. The 
leukocyte count was 10,000; the chest was negative; the cause of fever was not 
explained. 

May 28, the patient was discharged. The general condition was good. Small 
fistulas in the perineum were still open and a small amount of urine escaped 
at urination. (This fistula was present on admission and before seminal 
vesiculectomy.) 

March 15, 1921, numerous questionnaires and letters had been sent to the 
patient. They had not been returned. The patient is probably alive, but 
negligent. 

Case S (No. 4330). — History. — S. K., aged 30, married, admitted, April 24, 
1915, complaining of swelling of the right testicle, gave no history of vene- 
real disease, and no pulmonary history. The present illness began three and 
one-half years before with a “small swelling ,on the side of the left testicle," 
which gradually became bigger and finally formed an abscess and discharged 
pus. He consulted a surgeon who performed a left epididymectomy, and after 
that, the patient had remained entirely well until the present time. Two and 
a half months before, the right testicle began to swell and, ten days before, 
a small suppurating sinus appeared. There was no frequency, difficulty nor 
pain on urination ; no history of pain in either kidney nor hematuria. Sexual 
powers had been normal until two months previously, since when there had 
been little desire. The patient’s general health was good. 

Exaniiation . — The patient was well-nourished, and weighed 170 pounds 
(77 kg.). The heart and lungs were negative. The kidneys were not palpable. 
Examination of the genitalia revealed no urethral discharge; the penis was 
normal ; the right testicle was normal ; the epididymis was indurated and 
enlarged ; there was a small discharging sinus. The left epididymis was absent 
(previous epididymectomy) ; the testicle was negative. Rectal examination 
revealed considerable induration and enlargement of both seminal vesicles and 
a portion of the prostate. The right vas was apparently indurated and enlarged. 

Operation (Young).— April 25, 1915, under nitrous oxid, oxygen and ether 
anesthesia, a radical operation was performed, consisting of removal througi 
the perineum of both seminal vesicles, both ampullae and a large portion o 
the right lateral lobe of the prostate, wdthout opening the urinary tract, 
tissues removed were markedly tuberculous (Fig. 29). Gauze drainage vas 
used, with partial closure. Right castration was performed, with remova o^ 
all the remaining vas deferens. Examination seemed to show invohemen 
the testicle as well as of the epididymis. The scrotal wound was drame .v 
gauze and partially closed. 
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Feb. 6, 1921, a letter stated: “Condition same as at last report. General 
condition excellent. Small urinary fistula persistent. No escape of urine except 
when voiding and then only a small amount.” 

Case 6 (No. 4980, B. U. l.).—Hisfory.—YI. C., aged 34, single, admitted, 
March 21, 1916, complained of a swollen testicle and a discharging sinus. Pul- 
monary history was negative. He had had gonorrhea in 1901,- but was cured 
in a few days. There was no epididymitis or stricture. The present illness 
began three months previously with swelling in the left testicle following 
traumatism; pain was never very acute. About three weeks previously, the 
swelling^ was incised and had since been draining pus. There was no history 
of any night sweats or loss of weight. Urination and sexual powers were normal. 

Exaviination. He was a healthy looking man. The lungs were negative 
with the exception that in the right posterior base,, in the scapular line, there 



Fig. 30. — Clinical diagram of regions involved before operation. 


was a small area in which inspiration had a tubular character. No rales were 
heard anywhere, even on coughing. The heart and kidneys were negative. The 
right testicle, epididymis and cord were negative (Fig. 30). The left testicle 
was surrounded by a soft hydrocele and was apparently negative. The epi- 
didymis showed considerable enlargement throughout its extent and was quite 
irregular, hard but painless; the point of greatest enlargement was in the 
globus minor, which was about an inch in diameter (2.5 cm.), and from this 
a small sinus extended through the skin. The left vas was normal. The 
prostate was not enlarged, but the right lobe was slightly irregular and 
indurated. The left lobe was a little larger than the right, quite irregular, 
almost nodular, moderately indurated and adherent. Induration extended up 
and was continuous, with considerable enlargement and induration of the le 
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Examination at operation showed' that the left testicle was not 
involved. The left ampulla was markedly tuberculous and about twice the 
normal size and very closely attached to the vesicle. The left lobe of the 
prostate was also markedly tuberculous. 

Pathologic Report . — The tissues that were removed showed tuberculosis of 
the. left epididymis, the vas deferens, the left seminal vesicle, the left ampulla 
and the portion of prostate removed. 

Course . — May 20: The patient had been operated on forty-seven days pre- 
viously. He carried a retention catheter in the urethra for ten days and the 
bowels were tied up with lead and opium pills.- Regardless of this, the rectum 
broke down and the urinary fistula developed and has persisted. 

July 18: The rectal fistula had healed; a small amount of urine escaped 
through the perineum at each voiding. The patient was able to retain urine for 
normal periods, had no pains and voided freely. ► 

June 13, 1917, the patient entered the hospital on account of the urinary 
fistula. He was treated by urethral dilatations. No operation was performed, 
and he was discharged. 

Feb. 1, 1921, a letter stated: “It is now five years since operation. Recto- 
urethral fistula closed. Perineal sinus persists but there is only a very slight 
discharge — a few drops of pus a day. No urinary leakage. Urination is nor- 
mal, can hold urine all night. Sexual powers are normal. No pain after inter- 
course. Have gained 45 pounds in weight. Urine looks normal; have had no 
pain in either kidney or bladder. General health perfect.” 

Case 7 (No. 7933, B. U. I.).— History. — A. R., aged 27, single, admitted, 
July 8, 1919, complained of bladder trouble. There was no history of pneu- 
monia, pleurisy or tonsillitis. He had had gonorrhea twelve years previously, 
which lasted for three months. The present illness began two years previously, 
with pain on urination and passage of blood. Six months later he developed 
an epididymitis on the left side. The epididymis was opened, pus being evacu- 
ated. One month later, the right epididymis became involved. During the past 
six months, urination had become gradually more frequent and painful. At the 
time of examination, he voided urine about every hour, night and day, and had 
a marked urgency and dysuria. He had a persistent discharging sinus from 
the left epididy^mis. There was no history of renal colic or passage of calculi. 

E.vamiuation . — The patient looked well. He had no cough or expectoration. 
The thorax showed slight retraction in the region of both apexes and an 
impairment on percussion in that region. The lungs were otherwise negative. 
The heart was negative. The lower pole of both kidneys was easily felt; 
apparently there was no enlargement or tenderness. The right side of the 
scrotum was markedly swollen. There was a tense hydrocele obscuring the 
testicle (Fig. 32). The right epididymis was markedly enlarged, indurate , 
irregular, particularly in the globus minor ; the vas was normal. The ^ 
testicle was normal. The epididymis was markedly enlarged and indurated m 
the globus minor, the globus major being apparently quite normal. The vas 
was slightly irregular. There was a small discharging sinus leading to le 
left epididymis. The prostate was markedly broader than normal ; the rig 
lobe was irregular, indurated and adherent. The left lobe was ^ ^ ^ 

indurated and adherent. The seminal vesicles were entirely obscured J a 
broad plateau of induration which extended across from one side of the pe \ 

to the other. _ „. , 

The cystoscope entered easily. The bladder capacity was 50 c.c. in 
der was irritable. The prostatic orifice was slightly irregular but ot lerw 
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Second Admission.—Dsc. 30, 1919, the patient stated that during the past 
two months, frequency and pain on urination had gradually increased so that 
he voided every fifteen minutes. There was no hematuria or hesitancy, and 
no pain in the kidney. The patient stated that his sexual powers were good. 

Examination . — The patient had lost weight and looked bad. The apexes of 
both lungs were impaired and a few rales were heard. The right kidney was 
palpable but not tender. The wound on the left side was well healed. The 
condition of the genitalia was not markedly changed. The globus minor of 
the left epididymis was moderately enlarged, very hard and nodular; the vas 
deferens was slightly enlarged and nodular. The testicle and globus major 
on the left side were normal. On the right side there was a small hj'drocele. 
The testicle was normal. The epididymis was very much enlarged throughout, 
very hard and nodular. The vas was negative. 

The prostate was slightly indurated and adherent. Both seminal vesicles 
were much enlarged, very hard, nodular and 'adherent. Urinal 3 'sis revealed 
cloudy, acid urine, with a specific gravity of 1.022. Microscopically, pus cells 
and bacilli were found. Culture revealed B. coli. The phenolsulphonephthalein 
test yielded 65 per cent, in two hours. 

The impression was one of extensive tuberculosis of the seminal tract. A 
radical operation was advised. 


Operation (Young). — Jan. 7, 1920, under nitrous-oxid-oxygen-ether, both 
seminal vesicles and ampullae were removed through the perineum. Retro- 
vesical tuberculous involvement was very extensive and the right vas deferens 
was involved high up and broke away during the dissection. The prostate was 
not involved. The wound was packed and partially closed. Through an 
incision in the left groin, the left epididymis and remaining portion of the 
vas deferens were removed. The testicle was normal and carefully preserved. 
The entire right epidid 3 TOis and remainder of vas deferens with the exception 
of about 2 inches (5 cm.) and a small portion of the right testis were removed 
through an incision in the right groin. The wound was closed without drain- 
age on both sides. 

Pathologic Report (Fig. 33). — There was tuberculosis of the epidid 3 'mides, 
vasa deferentia and both seminal vesicles. The portion of the right testicle 
removed showed marked round-cell infiltration, evidently chronic inflamma- 
tory tissue. 


Course . — Convalescence was satisfactory at first. One month after opera- 
tion, the patient was up; the wounds were well healed. There was no urinary 
fistula ; the patient voided about every one and one-half hours. 

February 9; The patient complained of discomfort in the bladder. Rectal 
examination showed a fluctuating area above the prostate, back of the bladder. 


This was smooth, soft and not tender. 

February 18: The rectovesical cold abscess persisted. This was aspirated 
through the perineum, with a large needle and syringe under the direction of a 
gloved finger introduced into the rectum. Seventy-five cubic centimeters o 
pus was evacuated. At the same time, a small abscess beneath the skin at tie 
external ring on the left side was opened and drained. 

March 9: There was a small perineal discharging sinus at the point t e 
needle was inserted to evacuate the pus. There was no urinao' 
urinary symptoms were much improved, the interval now being three Jiou _ 
Rectal examination showed that the abscess had not recurred. The 
the prostate and seminal vesicles was negative. The right testicle 
the scrotal incision was well healed. There was a cicatricial nodule back 
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testicle at the upper and lower ends. On the left side, the testicle was normal; 
there was a small indurated nodule behind the testis. There was a small dis- 
charging sinus at the lower angle of .the scrotum. The urine was cloudy and 
acid, and its specific gravity was 1.012. Microscopically, pus cells and consid- 
erable bacilli were found; but no tuberculosis. The patient was advised to 
live in the open air and take food in abundance. 

Feb. 1, 1921, a letter stated that, one year since operation, the disease had 
not progressed and the testicles had not become involved. The remaining 
kidney (right) had given him no trouble. There was a small perineal sinus 



Fig. 33 (Case 7, No. 7933, B. U. I.). — Specimen removed at operation. 

which discharged pus but no urine. Erections and sexual powers were good. 
He continued to have trouble with the bladder. He voided urine about every 
half hour, night and day. There was no cough, fever or night sweats. His 
general health was poor, but much improved. 

Comment . — The patient continued to suffer with cystitis and contracture of 
the bladder, which he had when he came here. His life apparently has been 
saved by nephrectomy and excision of tuberculous tissue of the entire seminal 
tract on both sides. 

Case 8 (No. 8486, B. U. I.). — History. — ^J. K. O., aged 51, married, admitted 
Jan. 26, 1920, complaining of swelling of the right testicle and fever, gave no 
history of pulmonary disturbance nor of venereal disease. Present illness 
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began in 1911 or 1912, when the patient began to have slight difficulty and 
frequency of urination and finally had complete retention and for six days was. 
catheterized twice a day. Six months later, retention returned and catheteriza- 
tion was again necessary for a time. He had a distinct hesitancy and slight 
difficulty of urination with a pmall stream until about October, 1918, when he 
was operated on for acute appendicitis. He stated that after the operation the 
frequency, hesitancy and dribbling disappeared until the present trouble, which 
began seven months previously. There was no history of pain in the region 
of either kidney, nor passage of calculi nor hematuria. Seven months pre- 
viously the patient began to have swelling in the right side of the scrotum, 
and since then had developed a swelling on the left side. In August, 1919, 
epididymectomy was performed on both sides for supposed double epididymitis, 
and since then he had had a suppurative sinus on the left side. At the time of 
examination, the patient complained of swelling in the scrotum and fever. He 
had no urinary symptoms and his general health was good. Sexual powers 
were normal. 


Examination . — The thorax was well shaped; there were equal movements ou 
respiration ; the lungs were normal ; the heart negative ; the kidneys were not 
palpable nor tender. Roentgen-ray examination of the chest showed a moderate 
amount of fibrosis and slight dilatation of the aorta. There was no urethral 
discharge; the penis was negative. On the right side of the scrotum (Fig. 34) 
there was a small hydrocele. The testicle was normal ; the epididymis was con- 
siderably enlarged throughout and markedly indurated. The surface was irregu- 
lar and adherent to the skin at the site of the scar. There was slight enlargement 
and induration of the vas up to the external ring. On the left side, there were 
two suppurative sinuses in the skin which led to the globus major of the 
epididymis. There was a small hydrocele; the testicle was normal; the epi- 
didymis was considerably enlarged, irregular and markedly indurated through- 
out. The vas was apparently normal. Rectal examination revealed a prostate, 
moderately enlarged, irregular, moderately indurated throughout. The right 
seminal vesicle was slightly indurated and adherent, but it was not enlarged 
nor tender. The left seminal vesicle was considerably indurated and moderately 
enlarged. The induration extended upward and was continuous with the mark- 
edly indurated prostate. The urine was slightly cloudy, acid and gave no- 
reaction, and the specific gravity was 1.008. Microscopically, leukocytes and 
tubercle bacilli were seen. The prostatic secretion contained red blood cells 
and diplococci. 


Operation (Young). — Jan. 30, under nitrous oxid, oxygen and ether, a radical 
operation was performed, consisting of removal through the perineum of both 
lobes of the prostate, both seminal vesicles and both ampullae (Fig. 28). Througi 
the groins, both epididymides and the remainder of the vas deferens 
removed. The left seminal vesicle was very much enlarged and markedly 
tuberculous. The right vesicle was much smaller but also tuberculous. ^ 
right testicle was indurated, adjacent to the globus major, and a small portion 
was removed. The left testicle was also involved near the epididymis an 
partially excised. The membranous urethra was torn during the 
The perineal and scrotal incisions were partially closed and drained wi- to o 

form gauze. . , 

Pathologic Report.— Path seminal vesicles, ampullae, prostatic tissue 


epididymides were tuberculous. 
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Course . — March 2, 1920, the patient had had a very satisfactory conva- 
lescence. Both scrotal wounds were healed completely. Both testicles were 
slightly indurated and enlarged; there was no fistula nor sinus. The patient 
voided urine with ease. The perineal wound was healed ; there was no perineal 
fistula. Rectal examination revealed a moderate amount of induration in the 
region of the prostate and vesicles. The patient was walking about; he had 
no cough and the fever which was present before operation had ceased. The 
urine was cloudy in all three glasses. Microscopically, white blood cells and 
bacilli were noted. 

May 22, the patient returned for observation. He said that he had greatly 
improved in health and strength. Urination was normal ; there was no fever, 
no sweats, no pain. The right testicle was normal in size and consistency. 



Fig. 34 (Case 8). — Clinical diagram of condition before operation. 

except for slight induration of the upper posterior surface. The left testicle 
was slightly irregular, moderately indurated and adherent to the skin. There 
was no sinus nor suppuration. Rectal examination revealed only slight indura- 
tion in the region of the operation on the seminal vesicles and prostate and no 
evidence of tuberculosis. A small perineal sinus, discharging pus, was still 
present. There was no urinary leakage. The urine was slightly cloudy. 
Microscopically, a few cocci but no tubercle bacilli were noted. 

September 15; Examination revealed no sinuses or fistulas in the scrotum. 
Both testicles were negative except for slight induration at the upper ends. 

March 10. 1921, the patient came for examination. He said he felt appar- 
ently well and entirely cured. All wounds were closed. There was no urinarj' 
fistula. His general health was excellent; there was no cough, no fever, and 
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no sweats. Micturition was normal. He did not have to void during the 
night. The urine was clear and microscopically negative. No bacteria were 
present. Sexual powers were normal. He has coitus about once a week. There 
was less ejaculatory fluid than usual but sensation was normal. Examination 
revealed slight induration of the posterior part of both testicles. There was 
no evidence of tuberculosis. There were no sinuses. The perineal wound had 
healed. There was slight excoriation of the skin from the use of a suspensory. 
He had gained 25 pounds (11.3 kg.) in weight. Apparently, he was well. 

Case 9 (No. 8525). — History. — C. R. H., Jr., aged 19, admitted Feb. 17, 1920. 
complained of a swollen left testicle. In 1917, the patient had empyema which 
required an operation — resection of a rib and drainage. Two years later, the 
right testicle became enlarged and castration was performed (July, 1919). 
There was no history of chronic cough, hemoptysis or night sweats. There 
was no history of venereal diseases. He had never had frequency, difficult or 
painful urination, or hematuria. Sexual history was normal. 



The present illness began four days previously with pain and swelling of 
the left testicle. There was no history of injury. He still had a discharging 
sinus in the right scrotum as a result of the castration performed seven months 
before. The patient was suffering considerable pain in the left testicle, but there 
was no frequency of urination, no pain, no hematuria, and his general cont i 


tion was excellent. 

Examination . — The patient was well-nourished, height 5 feet and 10 inches 
(177.8 cm.), weight 155 pounds (70.5 kg.). The lungs were negative on per- 
cussion, palpation and auscultation. The heart and abdomen were negatu 
Neither kidney was palpable. The penis was negative. The right testis was 
absent (Fig. 36). There was a discharging sinus in the upper part o 
scrotum. On the left side, the testis was normal; the globus 
of the epididvmis were negative. The globus minor was enlarged, c - 

indurated and tender, and about 2 cm. in diameter The vas 
negative. The urine, voided in three glasses, was cloudy with shred . 
scopic examination showed pus and tubercle bacilli. 
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April 3 : It was then three and one-half weeks after operation. The patient 
had had a satisfactory convalescence. There was no leakage of urine through 
the perineum. The perineal wound was then closed except for a small sinus. 
Rectal examination was negative. On the left side of the scrotum was a 
swollen, inflammatory reaction around the testicle and a small discharging sinus 
at the site of the wound. There was a discharging sinus in the right groin at 
the site of the previous castration. The general condition was excellent. The 
patient was able to retain urine three hours. Urination was normal. The 
urine was slightly cloudy, with leukocytes and a few bacilli. There was no 
tuberculosis. 



Fig. 37 (Case 9, No. 8526, B. U. I.).— Specimen removed at operation. 

April 9: The patient had been treated for four days with bladder irr^a^ 
tions, followed by instillations of 1 per cent, mercurochrome, twice dai y. 
urine was free from infection. The patient was discharged. 

April 16: He returned for observation. There was less swelling o e 
left testicle. There was a small discharging sinus on the left side o 
scrotum. The perineum was closed. 
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March 12, 1921 : A letter stated : “General health good. Excellent result, 
no urinary fistula. One small sinus in scrotum. Urination normal. No pain. 
No fever. Erections normal. Urine normal.” 

Case 10 (No. 8561, B. U. I.). — Histoiy. — H. T. Z., aged 43, married, admitted 
March 8, 1920, complained of frequent and difficult urination. There was no 
previous urinary history. He denied both gonorrhea and syphilis. The present 
illness began two years before with increased frequency of urination and pain. 
Six months later he received an injury on the left side followed by hematuria 
which soon disappeared. About two months before, he began to have marked 
pain in the perineum and rectum, and then noticed a. swelling in the upper end 




LEFT 



Fig. 38 (Case 10). — Clinical diagram of condition before operation. 


of the right epididymis which next involved the lower end. A little later swell- 
ing appeared on the left side in the lower end of the left epididymis. After this 
the upper end of the left epididymis was enlarged. An abscess formed on the 
right side and was operated on, and has since formed a suppurating sinus. 
He continued to have frequency of urination and one month ago complete 
retention. He catheterized himself several times. Since then he has been 
treated bj' prostatic massage, irrigations and occasional passage of sounds. At 
the present time, he voided urine with pain, about every hour. He frequently 
had attacks of “renal colic” on the left side. Pain so severe that it required 
morphin radiated toward the groin and bladder and sometimes was feP at 
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the head of the penis. For the past three months he had suffered with pre- 
mature and painful ejaculations. He had lost about 4 pounds. (1.8 kg.) in 
weight. He suffered so greatly from pain and frequent urination that he was 
incapacitated for work. 

Exaimnafion.—Yht patient looked healthy. He weighed 150 pounds (68.1 kg.) 
On percussion and auscultation, the chest was negative except for slightly 
increased bronchial breathing over the apexes in front and over the lower lobes 
behind. The heart and abdomen were negative. No tenderness nor enlargement 
was made out in the region of either kidney. The penis was normal ; there 
was no urethral discharge. The right testicle was normal ; the right epididymis 
was enlarged and nodular throughout its extent. There was a small sup- 



Fig. 39 (Case 10, No. 8561, B. U. L). — Specimen removed at operation. 


putative sinus in the skin, leading to the epididymis. The vas and veins 
negative. The left testicle was apparently enlarged considerably but some- 
what obscured by an inguinal hernia. The epididymis was enlarged an^^ 
nodular. The vas and veins were negative. The prostate was negative. Bo i 
seminal vesicles were distinctly enlarged, indurated, nodular and adheren^. 
The urine was cloudy and acid. The specific gravity was 1.010. A trace o 
albumin, a moderate amount of pus, no infection and no bacteria were oim 
March 10, 1920, cystoscopy revealed no stricture and no residual ^ 

bladder capacity was 225 c.c. There was marked diffuse cystitis. Ihe g^^^ 
of the right ureter was edematous and red. External to this u. 
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covered with mucopurulent exudate. Around the left ureter and back of it, there 
was marked reddening and edema, with adherent mucopurulent exudate. Both 
ureters were catheterized. Urine from the right side was cloudy. A stained 
specimen showed tubercle bacilli from the right kidney. Urine from the left 
side was clear. There was no pus, and no bacteria. 

March 12, cystoscopy was performed. A study of the prostatic orifice showed 
a small, rounded median bar. Several areas of definite ulceration were seen 
along the right and left lateral and posterior walls of the bladder. In other 
places, small, definite tubercles were seen in the mucosa. Pyelograms and 
ureterograms showed dilatation of both ureters and of both kidney pelves. 
Plain kidney and bladder plates were negative. The impression was that of 
marked tuberculous involvement of the epididymides, seminal vesicles and 
bladder; slight involvement of the right kidney. It seemed advisable to excise 
the tuberculous seminal tract. 

Operation (Young). — March 21, under gas, oxygen and ether, a radical opera- 
tion was performed. Through the perineum, both seminal vesicles and ampullae 
of the vasa and portions of both lateral lobes of the prostate (Fig. 30), all of 
which were tuberculous, were excised. Through a scrotal incision, the right 
epididymis was removed, the entire right vas being removed through the wound. 
The area around the sinus was excised. Castration was performed on the left 
side. The testicle was markedly involved. The entire left vas was withdrawn 
through the wound. The wounds were drained and partly closed. The con- 
dition was excellent. 

Pathologic Report . — Both seminal vesicles, both lobes of prostate, vasa and 
ampullae were tuberculous. The left testicle and both epididymides were 
tuberculous. 

Course . — March 23, the patient was unable to void. He was catheterized 
three times a day. A retention catheter was fastened in place that night. 
March 29, ihe urine began to drain through the perineum, for the first time. 
The retention catheter was subsequently removed. 

Comment . — It seemed probable that a mistake was made in keeping the 
retention catheter in for a week. April 9, a small abscess of the left testis 
was aspirated. April 16, the patient was discharged. There was a sinus in 
both the perineum and the scrotum. The general condition was much improved, 
but the patient was weak. 

Feb. 4, 1921, a letter stated : “Now almost a year since operation. I have 
no trouble with my bladder and void four or five times during the day and 
about four times at night. Urination is not painful and urine appears clear. 
Have had no trouble with either kidney and the remaining testicle is normal. 
There is a small sinus in the scrotum on this side. No perineal fistula. 
Erections and sexual powers are fairly good. Have gained in weight, have no- 
cough and my general health is excellent.” 

Case 11 (No. 8681, B. U. I.). — History. — K. S., aged 23, single, admitted, 
April 13, 1920, complaining of swelling of the left testicle, gave no history of 
pulmonary disturbance and no history of venereal or urinary disease. There 
was no hematuria. Four years before, he had had soreness in the left lumbar 
region and a second attack six months later. There was no history of calculi. 
The present illness began about three and one-half months previously, with a 
small “lump on the left side of testicle,” which gradually increased in size 
and was painful. Three weeks previously, it ruptured and since then a sinu.-i 
had been present. There was no frequency, difficulty or hesitancy of urina- 
tion. Sexual powers were normal. 
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Exami7iatio7i.—'Ihe patient was a healthy looking man, weighing 170 pounds 
(77.2 kg.). The tonsils were enlarged, but there was no general glandular 
enlargement. The lungs and heart were normal. The kidneys were not palp- 
able nor tender. The penis, right testicle, epididymis and vas were negative 
(Fig. 40). The left testicle was normal. There was considerable enlargement 
of the epididymis, with a sinus through the skin. The vas deferens was 
indurated and enlarged. Rectal examination revealed prostate normal in size 
and consistency except in the region of the left ejaculatory duct, which was 
indurated. The left ampulla was indistinctly palpable, being broader than 
normal and moderately indurated, and could be followed for about 4 cm. 
above the prostate. The left seminal vesicle was indurated but not enlarged. 
The right seminal vesicle was soft and apparently normal. 




Fig. 40 (Case 11). — Clinical diagram of condition before operation; marked 
induration of the left vas, ampulla and left ejaculatory duct, distinctly palpable. 

Operation (Young). — April 21, under nitrous oxid, oxygen and ether, a 
radical operation was performed, involving removal through the perineum o 
the left seminal vesicle and left ampulla (Fig. 41). The prostate and rig it 
seminal vesicle and ampulla appeared to be normal. The urinary tract was not 
disturbed. Through a scrotal incision, the left epididymis was removed, witi 
an area of skin surrounding the discharging fistula. All of the vas was remove 
by traction. Both wounds were closed with drainage. The patient stoo t le 
operation w'ell. 

Pathologic Report.— The. left seminal vesicle was markedly fibrous and micro^ 
scopically tuberculous. The entire epididymis was enlarged and tubercuous, 
the vas deferens contained several tuberculous nodules m various places. 
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been slightly painful and tender. There had been no increased frequency or 
difficulty of urination; no history of hematuria or pain in the region of either 
kidney. The patient had not lost weight. 

Physical Examination.-— was a fairly healthy looking man, height 5 feet, 
11 inches (180.4 cm.), weight 158 pounds (71.8 kg.). The right side of the 
chest moved more than the left on respiration, and he had an increased vocal 
fremitus on the right side over the back. The percussion note was equal on 
both sides. Auscultation disclosed a few rales over the right apex. There 
was nothing over the apexes in the back. The heart and abdomen were nega- 
tive. The left side of the scrotum had a hydrocele obscuring the testicle. The 
left epididymis was considerably enlarged and indurated throughout its entire 
extent. On the right side, there was a fairly large hernia ; the testicle and 
epididymis appeared normal. The posterior part of the perineum to the left 
of the median line and in front of the anus presented an irregular, necrotic, 
superficial ulcer of the skin, probably tuberculous. The prostate was not 
enlarged or indurated. The left seminal vesicle was indurated, enlarged and 
adherent. The right seminal vesicle was apparently negative. The urine was 
slightly cloudy; the reaction acid; the specific gravity 1.024. There was no 
pus, and no infection, and no tubercle bacilli were found. Phenolsulphone- 
phthalein test results were; appearance time, ten minutes; SO per cent, first 
hour ; 5 per cent, second hour ; total 55 per cent. 

The impression was that of tuberculosis of the left epididymis (possibly 
testicle), vas deferens and left seminal vesicle. Radical excision of the left 
seminal tract was advised, but owing to tuberculosis of the lungs, general anes- 
thetic could not be given. 

Operation (Young). — April 26, under infiltration anesthesia (procain 1:400), 
with, occasionally, small amounts of gas. Excision of the left seminal vesicle 
and ampulla of the vas through the perineum, left castration and removal by 
traction of the remainder of the vas deferens through the scrotum were accom- 
plished (Fig. 42). Both wounds were packed. 

Comment. — A tuberculous area of the skin in the perineum was excised 
before exposing the prostate through the perineum. Local anesthesia was very 
satisfactory; only occasionally was it necessary to give a very little nitrous 
oxid gas. The patient complained only moderately of pain. The left seminal 
vesicle and vas deferens were manifestly tuberculous and were completely 
excised. The right vesicle, vas and prostate were not attacked. On account 
of enlargement of the testicle and apparent involvement, castration was 
performed. 

Pathologic Report. — The left seminal vesicle, vas deferens, epididj^mis and 
testicle all contained areas of tuberculosis. This was confirmed by the micro 
scope. The vas was 22 cm. long. 

May 10 : The patient had a very satisfactory convalescence with no urinary 
leakage. The wound in the left side of the scrotum and the sutured portion o 
the perineal wound healed by first intention. There was a small perinea 
discharging a little pus. The patient said urination was distinctly improve 
since operation; he was able to retain urine longer and had no pain. 

July 19: The patient was readmitted to the hospital, complaining of swe - 
ing of the right testicle which began ten days after leaving the hospita an 
had been associated with much pain. The patient had had no dysuria. 
hematuria, hesitancy or incontinence, but voided about every hour, 
perineal wound had remained healed, but the wound in the left groin 
opened a month prevdouslj'’. 
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Convalescence was satisfactory, the patient being discharged fifteen 
days after operation with a small sinus in the scrotum on each side ; the perineal 
wound was closed. The general condition was excellent. 

September 28, the patient complained of frequency of urination. The cysto- 
scope revealed general cystitis, no ulceration. The ureters were catheterized. 
Kidney urine was free from infection and both kidneys were of equal function. 
Bladder urine contained pus cells and numerous cocci. The patient was put 
on irrigations. 

Jan. 21, 1921, the urine showed numerous pus cells and bacilli. 

February 11, a letter stated; “Operation one year ago. I am improved but 
have two discharging sinuses, one on the left side of the scrotum and one in 
the perineum, which discharge freely. Urination is still frequent, about ten 
times during day and five times at night, but have no pain in bladder or on 
urination. Sometimes when on my feet have pain radiating to right kidney 
from bladder but have had no chills, fever nor sweats. Sexual powers had 
disappeared three years before operation, no erections. My general health is 
excellent.” 

Comment. — Here, as in Cases 2 and 3, both vesicles and ampullae should 
have been removed at first operation. 

Case 13 (No. 8707). — History. — B. N. G., aged 25, married, admitted, April 
20, 1920, complained of prostatic trouble. The past history was negative. He 
denied venereal disease. Sexual powers were normal. About three years pre- 
viously, he began to have frequency of urination at intervals of about two 
hours, night and day. About the same time, he had a slight difficulty of 
urination and pain but he had never had retention or hematuria. Two weeks 
previously, he began to have swelling in the scrotum but with very little pain. 
Shortly afterward, a discharging sinus formed (the patient did not complain 
particularly of either testicle). Urination had continued to become more fre- 
quent and difficult. He voided now about every hour, night and day, and there 
was considerable pain, hesitancy and dribbling. He had not lost weight and 
there was no history of pain in the chest, or coughing. There was no pain in 
the region of either kidney. 

Physical Examination . — The patient was a well-developed man and appeared 
to be healthy. The lungs were negative with the exception of a few coarse 
rales. The heart was negative. The kidneys were not palpable or tender. 
The penis was normal; there was no urethral discharge. Examination of the 
scrotum, right side, revealed; testicle, normal in size and consistency; epididy- 
mis, considerably enlarged, irregular in the globus minor and body; globus 
major, apparently normal (Fig. 44). Connected with the lower end of the 
epidid 3 'mis was a sinus which discharged pus. The right vas deferens was 
enlarged, irregular and nodular. On the left side, the testicle was normal, 
the epididymis was enlarged, irregular and markedly indurated in its entire 
extent ; there were no areas of fluctuation and no sinus. The vas deferens was 
apparently normal (Fig. 44). 

Rectal examination showed the prostate slightly enlarged. The right lo ^ 
was prominent, slightly nodular, markedly indurated but not tender. The e 
lobe was also slightly irregular, moderately indurated, but not enlarged, 
the upper end of the prostate on the left side, an indurated cord was felt; i 
extended upward, and outward as far as the finger could reach. On the 
side, another cord was felt, less prominent and less indurated. The outer pa 
of the left vesicle was very slightly indurated and adherent. On the rig ' 
there ivas an irregular mass of induration, apparentlj' involving t e 
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the right kidney in one hour; collection from the bladder for the same period 
was 3 per cent. Pyelogram of the right side was taken; apparently it was 
normal. 

The impression was pyelitis, right side, slight; probable tuberculosis of 
the left kidney. 

April 29 ; Additional studies of the bladder urine had demonstrated tubercle 
bacilli. A second attempt at ureteral catheterization on the right side was 
successful as before. On the left side, a No. 5 catheter entered for 0.5 cm. 
Urine flowed through this by drops continuously, clear, pale and microscopi- 
cally negative. Thorium was introduced into the left ureter and a pyelogram 
was taken. It showed urethral dilatation beginning at the juxtavesical por- 





Fig. 44 (Case 13). — Clinical diagram showing interesting isolated areas ot 
marked induration. 

tion of the ureter, 1 cm. in diameter in the upper portion. The kidney was 
apparently normal in size; the pelvis was not well filled. Diagnosis \yas 
indefinite. A Garceau catheter was introduced into the right ureter and function 
was. secured. The appearance time was six minutes ; the output from t ic 
right kidne 3 ' in a half hour was 28 per cent. At the expiration of the test, 
the bladder was catheterized and washed out. A transvesical phenolsulp tone 
phthalein (left ureter) gave 18 per cent. 

The impression was right p 3 'elitis. There was a stricture of the end o e 
left ureter, with dilatation above. The left kidne 3 ' was impaired. Tu lercu 
losis was not proved but suspected. 
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Of’rr<tli(’ii (Vdiing). — April .10, iiiulcr nilrous-oxid-oxygcn ctlicr, radical 
excision of seminal tract for tiihercnlosis was accomplislied (Fig. .11) : (1) peri- 
neal operation consisting of excision of liotli seminal vesicles, both ampullae 
and a ))ortion of each lohe of the prostate; the ejaculatory ducts, urethra and 
bladder were not injured; (2) e.xcision of right epididymis with tissue sur- 
rounding the sinus of skin of scrotum and removal of entire vas deferens by 
traction through scrotum: (.1) removal of entire left epididymis and almost all 
of the left vas deferens. 

Coiiiiiiriil . — The operation was carried out without difiiculty. The deeper 
portion of the left vas ileferens b.ack of the bladder was not removed (the 
vas broke at that point when traction was madel. The perineal and scrotal 
wounds were closed partially, and small gauze packs were inserted. 

Pdlltoloijic 7v'i7'(i( 7. — 'I'he left epi<lidynns was marke<lly tuberculous. The 
left vas was negative, lloth seminal vesicles were bard and nodular. The right 
vas was indurated, nochilar and tuberculous. 'I'be right epididymis showed 
extensive tuberculosis involving the ])ortion of the testicle which was removed. 

Course . — Convalescence was uneventftil. I’acks were removed on the third 
and fourth days, and the patient was discharged on the seventeenth day. There 
was a small perineal sinus discharging pus. and no urinary leakage. The 
])atient had gained in strength : urination had improved greatly ; the interval 
was now four hours. The urine contained pus and bacilli. The general con- 
dition was excellent. 

June 22: The urine was still cloudy and contained pus and bacilli. It 
was impossible to catheterize the left ureter. Phcnolsulphone])hthalcin from 
the right side was 28 per cent., transvesical S jier cent, in one-half hour. 
July 7. cystoscopy with successful catheterization of both ureters with No. 7 
catheters was accomplished. L’rine from the left side was cloudy and con- 
tained tubercle bacilli; urine from the right side was slightly cloudy and 
contained no bacteria. I’benolsulphoneiditbalein output was equal. 

The impression was tuberoilosis of the left kidney and ureter. There was 
a small suppurative l;imis on the right side of the scrotum; the testes were 
normal. The e]nrli<iymi<le.s and vasa deferentia were absent. Rectal exam- 
ination revealed: ])rost:ite, slightly irregular, indurated and adherent, much 
smaller than before operation: very slight induration in the region of the 
seminal vesicles, which were absent; no abscess; small perineal sinus. 

July 11; The patient was readmitted to the hospital for nephrectomy. The 
thorax and abdomen were negative. The left kidney was not palpable or tender. 

Operation (Front?.). — July 12, under gas and ether, left nephrectomy was 
performed for tuberculosis. A curved muscle-cutting incision was made in 
left loin. The ureter was brought up, injected with pure ])hcnol, divided and 
ligated with chromicized catgut. The kidney which was about the usual size 
and shape was not opened. The pedicle was ligated with chromicized catgut 
and the kidney was removed without difiiculty. The wound was closed ; two 
gauze packs were inserted. Chromiciz.cd catgut was used for muscle and con- 
tinuous black silk for the skin, Cigarct drains were inserted at the upper angle 
of the wound. The condition was excellent. 

Pathologic Report. — Tuberculosis involving the lower portion of the pelvis 
and the middle portion of the cortex and medulla was reported. Considerable 
normal tissue was present. 

Course. — Convalescence was uneventful. The patient was discharged, 
August 11, one month after operation. The wound had healed except for a 
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small sinus at the upper angle, discharging pus. There was a small perineal 
sinus, with no urinary or rectal connection. The general condition was much 
improved. 

Jan. 20, 1921 : The patient stated that recently urination had become more 
frequent. A small sinus still persisted at the site of the kidney operation. 
Urine was cloudy and contained pus cells and bacilli; but no tubercle bacilli 
were found. The general health was excellent. He had had no fever. Cys- 
toscopy revealed an irritable bladder; residual urine, 75 c.c. The prostatic 
orifice was normal. The left ureteral orifice was seen as a small depressed 



Fig.- 45 (Case 13, No. 8707, B. U. I.). — Specimen removed at operation. 

area. There was no ulceration. The right ureteral orifice was normal. ^ A 
catheter was introduced into the right kidney easily. Urine from the right 
side showed pus and colon bacilli but no tuberculosis. The phenolsulphone- 
phthalein output, intramuscular, first half hour, was 40 per cent; second hal 
hour, 20 per cent. The patient was to have irrigations and instillations. 

February 19: The patient had been under treatment by hydraulic disten- 
tion and instillation of mercurochrome. His sj'mptoms had improved 
The bladder capacity was 125 c.c. There was no recurrence of genital tu er 
culosis. The patient was discharged. 
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Cask 14 (No. 8729).— //u/orv. — U. A. R,, aged 30, inarriecl, admitted, April 
24, 1920, complained of .swelling of the right testicle and pains in the back, hips, 
legs and buttocks. He had had gonorrhea two and a half years previously, 
wliich lasted four nionth.s, with no complications. Two years previously, while 
riding a horse, lie lost his fooling and badly bruised his right testicle against 
the saddle. Tor several days after ihi.s, the patient had considerable pain in 
the testicle and pain in the glands of the groin for two months. Later, he 
was kicked in the back by a bor.se. Since then, be had bad rheumatism and 
arthritis, involving the left thigh and leg. 

On admission, the patient complained of rheumatism which c.xtendcd down 
the b.ack of the left leg, along the outside, to the foot and toes. He had 
practically no pain in the testicle, epididymis or groin. Urination was free and 
painless. Intervals were slightly increased, from one to two at night, from 
si.v to seven times during the day. Sexual powers were normal. He bad 
intercourse about live times a week, lijaculations were normal ; there was 
no blood. Me had lost 14 pounds (6.3 kg.) in weight during the past two months. 
He had had no cough and examination of the chest was negative. Roentgeno- 
grams of the spine had been iiegative. The Wassermann reaction was negative. 
On account of the pain, above described, he had taken codcin, Ve grain 
(0.03 gm.). daily for ten months. He was unable to walk. 

E.rtiiiiiiiatioit . — The lungs showed a few fine r.-dcs at the left ai)cx, poste- 
riorly, and slight dtdness ; diininished breath sounds and har.sh breathing in 
both interscapular regions. It gave one the impression of fd)ro.sis. The heart, 
abdomen and kidneys were negative (Fig. 46). The penis was negative. The 
left testicle, epididymis, cord and groin were negative. The right testicle was 
normal in size but rotated. The epididymis was considerably enlarged, very 
hard, irregtdar and nodular throughout its entire extent. There was no fluc- 
tuation and no sinuses. The right vas deferens was bard, nodular and enlarged. 
The prostate was broader than normal; the median furrow and notch were wide 
and deep; the right lobe was i)romiuent, globular, slightly irregular and mod- 
erately indurated, [)articularly at the upper end and externally. Running upward 
and outward from the prostate were adhesions. The left lobe of the prostate 
was similar to the right, with adhesions runnin.g upward and outward. The 
right seminal vesicle was soft, indistinct, apparently not enlarged or indurated. 
The left seminal vesicle was also apparently not enlarged or indurated. Neither 
vas deferens was palpable. The urine was clear, acid in reaction; the specific 
gravity was 1.018; there was no nllnunin, no sugar, no casts. Microscopically, 
it showed pus in small amount ; no bacteria were seen ; tuberculosis was sought 
for. The phenolsulphoncphthalein test gave these results : appearance time, 
ten minutes ; 60 per cent, for the first hour and 20 per cent, for the second ; 
total 80 per cent. Roentgenograms of the chest, kidneys, bladder and hips were 
taken. Outlines of the kidneys were plainly seen, apparently negative. The 
vertebrae were negative. The chest showed fibrosis of both upper lobes. The 
hips were negative. 

The impression was tuberculosis of the right epididymis and prostate, prob- 
ably of the seminal vesicles and vasa deferentia. Radical operation was advised. 

Operation (Young). — May 7, under gas and ether, a radical operation 
(Fig. 47) was performed consisting of :(1) perineal excision of both lobes of 
the prostate, right seminal vesicle, ampulla of right vas deferens; the urethra 
and bladder were not opened ; (2) epididymectomy, right side, complete removal 
of the vas deferens by traction, through scrotal wound. The testicle was nor- 
mal. A small area was removed ; the rest was left intact. Both wounds were 
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drained. Both lobes of the prostate were found to be very hard and con- 
siderably enlarged. The right vas and right seminal vesicle were hard and 
irregular, and yellowish material was seen shining through the fibrous cavity. 
The vas was divided about 7 cm. above the prostate. The prostate and seminal 
vesicles were evidently tuberculous. 

Pathologic Report. — Extensive tuberculosis of the right vesicle, right vas, 
both lobes of prostate and right epididymis was reported. 

May 22: Two weeks after operation, there were no complications; no 
urethral leakage. The testicular wound was healed by first intention. The 
perineal wound was healing by granulations. The patient was much improved 
in health and was now able to walk; whereas before operation he was unable 
to do so. He was discharged. The general condition was excellent. 


STEE 




LEFT- 


Right 



Fig. 46 (Case 14). — Clinical diagram; induration apparently confined to 
prostate. At operation the right vesicle was found to be tuberculous. 

June 22: The patient reported that he was operated on two weeks 
ously for acute mastoiditis, considerable pus having been evacuated. He sti 
suffered from rheumatism. The result of the genital operation was e.xcellent. 

March 5, 1921 : A letter stated : “My condition is improved and I do not 
suffer so severel}\ My back is rigid and I can use my left leg but 
out the aid of crutches. (Before operation could not walk at all.) 
three places discharging pus, viz., from my ear, from the cartilage ^ 

ribs join on my breast and from my left foot; the breast was lance aJ 
eight months ago and the foot about two months ago.” _ 

'"case 15 (No. 5430, B. U. 1.).— History.— D., aged 33, 

Dec. 2, 1920, complained of swollen, painful left testicle and pain in le 
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and painful dcfccatinn. In 1911. at the age of 24, he had had gonorrhea, com- 
plicated hy left epididymitis from which he apparently recovered. Several 
month.s later, he .suddenly had .swelling and i)ain in the right testicle. After that 
he suffered, off and on. with pain in both testicles. Four years i)reviously (age 
29) he began to have pain in the bladder and frequent and painful urination. He 
was admitted to this hosiiital. Oct. 7. 1916. com])laiuing of pain in the right 
hypochondrium. Cystoscopy and ureteral catheterization were performed and 
])yelograms were made: all were negative. Careful search for tuberculosis 
was made hut none was found. The diagnosis was pyelitis. He was discharged. 



October 26. He was readmitted, December 8, again complaining of pain in 
the right side. Tubercle bacilli were found in the urine from the right kidney. 

Operation . — Right nephrectomy was performed, Jan. 8, 1917. Convalescence 
was uneventful. Pathologic examination revealed tuberculosis of the right 
kidney. He was discharged, February 8. 

In May, after an injury to the right testicle, an abscess had formed which 
was opened by operation. The patient was admitted again, July 7, complain- 
ing of frequent and painful urination. Examination revealed right tuberculous 
epididymitis with fistula. Right epididymectomy was performed. Microscopic 
diagnosis was tuberculosis. He was discharged much improved, August 3. 
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August, 1920, he developed swelling and pain in the left testicle and epididy- 
mis, which had persisted up to the present time. 

Examination (October 20). — The patient was thin. The breath sounds were 
harsh all over the chest, especially both apexes. No rales were elicited. The 
heart was negative. There was a scar on the right side of the abdomen from 
a previous nephrectomy. The left kidney was apparently negative (Fig. 48). 
The penis was negative. The right epididymis was absent. The right tes- 
ticle was apparently normal. There was no sinus. The left testicle was nor- 
mal; there was slight hydrocele. The left epididymis was greatly enlarged 
throughout and very hard with no areas of fluctuation and no sinus. The 
vas was nodular and indurated. The prostate was indurated on each side, 
soft in the middle, not enlarged. Induration also ran across the upper edge 
of the prostate and continued upward, involving both seminal vesicles and 
tissues between them. The induration was considerable and obscured the 
seminal vesicles and vasa deferentia, extending at least 4 cm. above the 
prostate. Urine was slightly cloudy, acid; specific gravity, 1.004; pus cells few. 
Microscopically, bacilli but no tubercles were found. Phenolsulphonephthalein 
test ; appearance time, fifteen minutes ; first hour, 45 per cent., second hour, 
10 per cent. 

Operation (Frontz). — October 25, under gas, oxygen and ether, a radical 
operation was performed (Fig. 49). Through the perineum, both seminal 
vesicles and ampullae and a portion of each lateral lobe of the prostate were 
removed, without injury to the bladder, urethra or rectum. Through the 
scrotal incision, the left epididymis was removed and the vas deferens was 
removed completely by traction through the wound. The testicle was not 
removed. The mediastinum testis was involved. Both wounds were closed 
with drainage. 

Pathologic Report . — The epididymis, both seminal vesicles, the ampullae and 
portions of the prostate were removed. They showed extensive tuberculosis. 

Course . — October 29, sudden fever (103 F.) and pain in left side developed. 
Diagnosis was pyelitis. Under forced “fluids,” the temperature finally became 
normal and on discharge, December 2, the patient was in excellent condition 
The wound had healed. He voided urine at intervals of every two hours with- 
out pain. His general health was much improved. 

Feb. 16, 1921; A letter from his physician said: “Patient voids twice at 
night and three times during day. Urine clear microscopically. The left side 
■of scrotum contains a hard nodule at the seat of the operation. He now 
■complains of some stomach trouble, but on the whole for a man who has 
tuberculosis of the urinary tract, he is in very good condition.” 


VI. ANALYSIS OF THE FIFTEEN RADICAL OPERATIONS ABOV'E DESCRIBED 

The fifteen radical operations described above have been studied 
by analytic tables, and in order that the reader may get a better 
comprehension of the operative results and the pathology, these tables 
are reproduced herewith. 

The previous histories and the accompanying tables have given 
such a complete idea of the cases in which this radical operation has 
been carried out that hardly any additional comment seems necessary. 

^ Discussion of Pathology and Tcchnk.-Th^ tissues removed at 
operation were; right seminal vesicle 10 (alone 2) ; left semina r 
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13 (alone 5), bilateral 8, unilateral 7. Of these 7 cases of unilateral 
excision of the seminal vesicles and ampullae, 3 subsequently developed 
tuberculosis of the remaining epididymis, the other epididymis having 
been excised with its corresponding atnpulla and vesicle at operation. 
This would seem to be an argument for routine double vesiculectomy. 

In all cases, the seminal vesicles removed were thought to be 
involved, but not ])roved in one case. 



Fig. 48 (Case 15). — Clinical diagram after right epididymectomy, and before 
radical operation. 

The ampullae removed were: right 10; left 13; both 8. (Same 
as with vesicles, above). 

The vasa deferentia were removed as completely as possible with 
the epididymis and in all but about three cases the vas came away 
completely, often showing the teeth of the clamp on the lower end. In 
one case in which the vas did not come away completely, there was 
an extensive retrovesical tuberculosis which involved the vasa deferentia 
(Case 7). 
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Other similar, but less extensive, cases have been seen. Before 
clamping and dividing the vas, it is Avell to free it as high up as possible 
back of the bladder, remembering to avoid the ureter and peritoneum. 

Both lateral lobes of the prostate have been removed in ten cases 
and the left lobe alone in three of the other five cases. In two cases the 
excised prostatic tissue was found to be not tuberculous on either 
side. The urethra was not opened in any case by the excision of 
the lateral lobes, and the fact that only one of the patients has a urinary 



Fig. 49 (Case 15). — Specimen removed at operation. 


fistula shows that it is a safe procedure. The severe tuberculous 
involvements which have been encountered in many cases show the 
advisability of prostatic resection. 

The deeper portion of the vas deferens — ^the ampulla — was appar- 
ently involved in all specimens except one. On the right side ten 
ampullae were removed, eight positively tuberculous, and two probably 
tuberculous (sections not proved microscopically). On the left side, 
thirteen were removed, ten positive, two probable, only one positive y 
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not tuberculous. In many instances, tlie tuberculous ampulla formed 
a larger mass than tbe adjacent vesicle. 

Tbc remainder of tbe vas deferens wbicb was extracted by traction 
tbrousb tbe cfroin contained no definite areas or nodules of tuberculosis 
in six out of twenty-two vasa removed. Tbe upper and lower ends 
were tbe portions most frequentl}’ involved, and in several cases were 
associated with exclusive periva.sal tuberculosis of tbe retrovesical 
tissues. Our findings surely prove that forcible evulsion of tbc vas 
from tbc groin, without removal of tbe ampulla and vesicle tbrougb 
tbe perineum, is a very dangerous i^roccdurc and bad practice. As a 
rule, no difficulty is experienced in c.xtracting the entire vas deferens 
from a wound in tbe U])per part of tbe scrotum, by to-aiid-fro 
traction, with tbe assistance of a clamp in tbc perineal wound, as 
described in tbe technic of operation. It is useless and harmful to 
open up tbc inguinal canal, and especially to follow the vas into tbe 
pelvis as in tbe Villcncuvc technic or tbe modification practiced by 
\Miitesidc, who has admitted, in his more recent papers the bad results 
obtained by \'illcneuve’s inguinal mclbod. 

Tbe epididymides were removed twenty-four times, thirteen left and 
eleven right. .Ml were definitely tuberculous, but in two cases on the 
left side tbe globus minor alone was involved. In the other twenty-two- 
epididymides, the entire epididymis was tuberculous. No case of isolated 
globus major tuberculosis was found — an interesting fact as regards 
etiology. 

Eight com])lctc castrations were performed (three left, five right; 
only in one case were both testicles removed). In four instances, 
excision of the upper posterior part of the testicle next to the epididymis 
was carried out, and tissues excised were found to be tuberculous. 
None of these cases have required complete castration, although all 
have gone more than a year. Of the eight testes removed, all but two 
showed only a limited area of involvement in that portion of the testis 
near the globus major of the epididymis. Only one presented extensive 
caseation of the entire testicle. In only one case was double castration 
carried out ; and in this case, lung tuberculosis was present and opera- 
tion was performed quickly under procain (Case 12). 

These cases, therefore, show that involvement of the testis is com- 
paratively rare and that in most cases a partial excision is sufficient to 
remove the entire tuberculous area. This should always be . attempted 
in bilateral involvement of the testis. In our one such case, the bad 
condition of the patient and our desire to avoid a long operation 
(epididymectomy) under local anesthesia caused us to perform a double 
castration (Case 12). 

Nephrectomy was performed three times (kidneys removed being 
all markedly tuberculous, two patients having been operated on before 
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radical operation on the seminal tract, one after). In one case, tuber- 
culosis was found by ureteral catheterization of the right kidney. The 
patient is healthy and strong. The involvement is probably small and 
quiescent (Case 1). Another patient (Case 10) had a tuberculous 
right kidney, which has remained quiescent. 

The lungs were considered involved in seven cases, all but one 
apparently quiescent ; and six patients have done well since operation. 
The other patient (Case 2) died of mediastinal tuberculosis one year 
later. Whiteside advises against operation in cases with lung involve- 
ment. This is certainly wise if the lung involvement is active and 
extensive. AVhen pulmonary cases become quiescent, however, I agree 
with Kocher that the genital tuberculosis should be removed; and I 
go further than Kocher in advising excision of the seminal vesicles as 
well as the epididymides or testes. The radical operation can be per- 
formed under procain infiltration anesthesia (1 to 400) with only a 
whiff of nitrous oxid gas occasionally to quiet the patient; or it can 
be performed under spinal, or posterior nerve root anesthesia. In 
reality, nearly all patients whose cases are not hopeless should be given 
the chance to get well, Whiteside has shown that desperate cases may 
sometimes be cured by vesiculectomy. 

To reiterate, the pathologic study of these fifteen cases shows con- 
clusively the preponderant importance of the seminal vesicles as the 
primary seat of the disease, and the urgency to remove them if radical 
cures are to be uniformly expected, and the present disgraceful mor- 
tality in genital tuberculosis is to cease. 

B. Immediate and Remote Results of These Radical Operations. 
The operation has not been reserved entirely for patients in good gen- 
eral condition as shown by the fact that seven patients had fairly 
definite evidence of tuberculosis of the lungs previous to operation 
and five patients had tuberculosis o'f the kidney, three requiring 
nephrectomy. Regardless of this fact, there has been only one death 
so far recorded, going back as far as seven years ; and all but one of 
the cases have been followed almost a year at least. Perineal urinary 
fistula, that supposedly great bugbear of operations on the tuberculous 
prostate and vesicles, is present in only one case ; and in this, only a 
few drops of urine escape during urination, so that the condition is 
not serious. Discharging sinuses are present either in the scrotum, 
groin or perineal wound in six cases. Most of these are recent case.-> 
and statistics show that they usually cease spontaneously with time. 
At any rate, they are not really annoying and compare favorably wit i 
statistics following epididymectomy or castration in which a muci 
higher percentage of, and more annoying, discharging sinuses are 
recorded in the literature. Another most interesting demonstration i^ 
the fact that the sexual powers are not usually impaired in any v } 
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except that the amount o{ ejaculatory fluid is much lessened. We have 
no direct evidence that any case has been impaired, though ten patients 
have not answered this question either before or after operation. Other 
operators, however, have shown that the removal of both seminal 
vesicles and vasa does not impair the sexual appetite or act. In three 
cases (Cases 2, 3 and 12) in which the vas, vesicle and epididymis on 
one side only were removed, the opposite epididymis became involved 
in the course of a year and required removal ; and one patient died 
after the second operation (epididymectomy, one year later). Bilateral 
vesiculectomy was carried out in eight cases and bilateral epididymec- 
tom}’- or castration in eight cases ; in three cases above referred to the 
second operation being ])cr formed later. (In these cases bilateral 
seminal vesiculectomy should have been done.) It may be found with 
time that it is wise always to remove both vesicles and ampullae and, 
if this is not done, either to ligate and divide the supposed health}'’ vas, 
which is not removed, or to remove the ampulla on that side, or to 
ligate the vas through an incision in the scrotum so as to avoid involve- 
ment of the second epididymis. 

There has been one death, and that one year after the radical opera- 
tion. On first admission of this patient (Case 2), rales were present 
in the lungs; and shortly afterward, fever, night sweats and abscess 
of the chest wall developed. Only one seminal vesicle was removed and 
the remaining epididymis developed tuberculosis, which was excised one 
year later. Death from extensive tuberculosis of the lungs, medi- 
astinum, chest wall and shoulder occurred several months later. 
Removal of both seminal vesicles when the first operation was per- 
formed would probably have prevented involvement of the remaining 
epididymis, and possibly have given the patient a chance to recover 
from the lung tuberculosis. This case (Case 2) and two others (Cases 
3 and 12) furnish excellent arguments for always excising both vesicles 
and both ampullae at every radical operation — especially as their 
excision does not destroy the sexual powers. 

Two patients refuse to answer letters and questionnaires, which 
are not returned, indicating that the patients are still alive (Cases 2 
and 4). I believe the results obtained in both of these cases were good. 

Of the twelve cases in which the ultimate results have been 
obtained up to date, the radical operation has been eminently successful 
in improving the general health (even in Case 14 with previous gen- 
eralized tuberculous arthritis). One of these patients developed tuber- 
culosis in the remaining epididymis and required epididymectomy. In 
all cases, there has been ultimately an excellent local result, with 
improvement in micturition even in those cases with tuberculosis of the 
bladder and kidney (three of which were removed). 
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Considered, therefore, from every standpoint, the results obtained 
by the radical operation in these fifteen cases have been eminently 
satisfactory and far better than we have obtained by mere excision of 
the epididymis or testicle. 

VII. DISCUSSION OF RADICAL OPERATIVE TECHNIC 

In my paper on this same subject in 1901, the various operations 
for the excision of the seminal vesicles were classified thus; 


1. Perineal method of Zuckerkandl by Ullmaiin 1889 

Perineal method of Roux 1891 

Perineal method of von Dittel by Schede 1893 

Perineal method of Guelliot 1895 

Perineal method of Baudet 1898. 

2. Sacral method of Kraske by Schede 1895 

Sacral method of Rydygier by Schede 1895 

3. Inguinal method of Villeneuve 1891 

4. Suprapubic, rectovesical, extraperitoneal method of Young (20) 1900- 


At that time, thirty-four cases were to be found in the literature 
in which radical operations for tuberculosis of the seminal vesicles,, 
associated with testicular disease, had been performed by one of the 
methods above indicated. The summary of the tissues removed was: 

Part Removed . — One testicle (or epididymis), twenty-three times;, 
both testicles, five; one seminal vesicle, twenty-three; both seminal 
vesicles, eleven; portion of prostate, five. 

Immediate Results. — Good, no fistula, thirteen ; fistula but otherwise- 
good result, fourteen ; in bad condition, two ; not mentioned, three. 

Ultimate Residts . — Twenty cases, five deaths, ten well, four recur- 
rences. Only eight cases were followed for more than one year; of 
these two died of pulmonary tuberculosis and four were cured. 

Writing in 1906, Baudet and Kendirdjy,^® in a most extensive- 
article, detail at length the cases which are to be found in the literature, 
and discuss the methods of operation, from which I shall extract 
liberally : There are two methods, the upper route and -the lower route. 
The lower route comprises median perineotomy ; ischiorectal perine- 
otomy ; the sacral method and the parasacral method. The upper route 
comprises the inguinal ; the lateral laparotomy and the median extra 
peritoneal laparotomy. The inguinal is suitable only for one vesicle, 
if you wish to operate on two v'^esicles, it is necessary to perform two 
operations. The same applies to the lateral subperitoneal laparotorny. 
The median extraperitoneal laparotomy, which was described by t le 
author and carried out in three cases, has since been abandone on 
account of defective drainage and resultant severe infections. 

15. Young, H. H.: Ann. Surg. 30:601, 1901. 

16. Baudet and Kendirdjy: Rev. de chir. 34:380, 1906. 
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The perineal method is unquestionably the method of choice and 
it will be interesting to examine into the various technics which have 
been followed. 

The first operation was that of Ullmann of Vienna in 1899. 
Ullmann’s patient was operated on in two stages — unilateral castration 
was carried out on the right side in June, 1889, and a month later the 
seminal vesicles were removed by the similunar perineal incision with 
the assistance of the finger in the rectum. After sectioning the fascia 
and the levator ani muscles, the prostate was completely exposed; and 
then, by introducing a metal sound into the bladder, the posterior wall 
of the bladder was made prominent by pressure. By this maneuver, 
the vasa and vesicles were easily removed. The vas deferens between 
the ampulla and groin was not extirpated ; but a portion of the prostate 
which was tuberculous was excised. 

Roux performed his first operation in March, 1890, and sub- 
sequently he had two other cases. His procedure consisted of castra- 
tion with high division of the vas and then extirpation of the seminal 
vesicle from below, which was made to appear in the upper portion 
of the wound by the pressure of the finger in the rectum, with the 
patient lying on his side — the incision extending in a curve across the 
perineum backward to one side of the rectum. With the use of a traction 
ligature, the vesicle was drawn farther down, separated, and with the 
stump of the vas deferens was divided close to the neck of the bladder. 
The remainder of the vas deferens, i. e., up to the inguinal canal where 
previously divided, was then removed with the seminal vesicle. 

Weir,^® in New York, was the third to perform seminal vesiculec- 
tomy in 1892. Weir carried the scrotal incision up into the groin and 
opened the inguinal canal, where he freed the vas as high up as 
possible on the right side, making a tear into the peritoneum in so 
doing. Then, leaving the testicle free and suspended by the vas, he 
placed the patient in the lithotomy position and carried out the opera- 
tion of Roux, exposing and separating the seminal vesicle and extir- 
pating the diseased portion of the prostate. The vas deferens was 
divided above the ampulla and the remainder of the vasa deferentia 
was removed from the front with the testicles (thus differing from 
the operation of Roux who removed the remainder of the vasa from 
below with the vesicle) . 

Schede,^® in 1893, successfully removed both tuberculous seminal 
vesicles and vasa through the incision of von Dittel in a patient who 
had previously been castrated on both sides. 

17. Ullmann; Centralbl. f. chir. 8:133, 1899. 

IS. Weir: Med. Rec. 44:163, 1894. 
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Guelliot,® in 1895, published two cases iti which he had removed the 
testicles through a scrotal incision and the seminal vesicles through an 
incision which began in the perineum and extended along the right 
border of the anus to the median line back of the anus, by means of 
Avhich he was able to push the anus and rectum out of the way. 

Baudet and Kendirdjy,^® in 1898, used the following technic: A 
curved incision in the perineum extending farther back to the right 
than to the left, exposure of the prostate and seminal vesicles after 
division of the levator muscles ; separation and division of the vasa def- 
erentia above the ampullae after ligating the lower end ; division of 
the vas and vesicle “in the interior of the prostate,” a caseous nodule 
of which is removed. Right castration was then performed, the inguinal 
canal being opened and the vas deferens followed deeply and com- 
pletely removed. 

Practically all of the operators who have been referred to divided 
the levator ani muscles and deep lateral structures in exposing the 
seminal vesicles. In order to facilitate the removal of the seminal 
vesicles, various methods have been employed. The first is that of 
Ullmann who uses a sound in the bladder to make pressure on the 
posterior wall and thus elevate the vesicles. Others caught the prostate 
with toothed forceps. Roux employed a finger in the rectum, which 
was passed up above the vesicles and by pressure brought them down 
into view. Subsequently, he employed, in addition, traction sutures 
(which have since been advocated by Squier in this country). Most 
operators have divided the vasa deferentia as high up as possible in 
the perineum, ligated and divided the upper portions of the seminal 
vesicles and freed them from the bladder by dissection from above 
downward. Legueu carried out the opposite procedure, namely, 
division of the vesicle and vas at the upper end of the prostate and 
separation of these structures from the bladder by dissection from 
below upward. In 1913, I ® devised an unusually long, slender prostatic 
tractor which could be passed through the urethra and utilized first 
to expose the membranous urethra and prostate in the early dissection 
through the perineum and subsequently to draw down the seminal 
vesicles and facilitate their exposure and excision, without division of 
the levatores ani, and Avithout insertion of a finger in the rectum, using 
both traction and leverage. 

In discussing the removal of the vas deferens, Baudet says that 
it is indispensable to open the inguinal canal up to the peritoneum, ^ 
isolate the vas and liberate it rvell into the pelvis in order to extract it. 
He also thinks it is better to commence the operation from fiie perineum, 
remove the seminal vesicles and ampullae and then extricate the res 
of the vas with the testicle from above. The vas can be drarvn ou 
easily without opening the inguinal canal. 
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A. Results Obtained by Radical Operations. — Baudet’s analysis of 
forty-six cases, which he collected from the literature in 1906, is as 
follows: The inguinal method was used in six cases. Two patients 
died within a year after the operation — one of meningitis and the other 
of tuberculosis of the lungs. Two were well one year and three months 
after operation. In one case, two months after operation, the wound was 
in a bad condition being involved in the tuberculous process. One patient 
was well on discharge, but was not followed afterward. Three patients 
were operated on by the median subperitoneal laparotomy method — 
all bad results. The operation was condemned by the author in a subse- 
quent publication. The sacral method was used in two cases; both 
patients recovered from operation and were discharged in good condi- 
tion, but not followed afterward. The parasacral method was used in 
five cases ; one with very bad wound healing, four left in good condi- 
tion. None were followed after discharge from the hospital. The 
perineal method was used in thirty cases, with these results : well on 
discharge but not followed afterward, ten ; deaths, four ; four years, two 
and one-half years and five months, respectively, of lung tuberculosis, 
and after six months of tuberculous meningitis; well, sixteen cases, 
ten of which were followed for more than one year. One patient died 
four years later of apoplexy. With the exception of the median 
extraperitoneal laparotomy method, there were no immediate operative 
deaths during the stay of the patients in the hospital in forty-three 
cases. In fifteen of forty-five cases, the prostate was found to be 
involved. 

The results found in the thirty cases in which the vesicles were 
removed through the perineum (the testicle, epididymis and vas through 
the groin or scrotal incision) are, indeed, very good; and, although 
this list comprises many different procedures, the results obtained are 
certainly better than have been secured even in more recent times by 
castration or epididymectomy alone without operation on the vesicles. 
Regardless of this fact, Baudet took a very conservative attitude — that 
the operation of vasovesiculectomy should be reserved for severe 
cases with either very marked involvement of the seminal vesicles or 
with tuberculous perineal fistulas. But he remarked that the presence 
of tuberculosis elsewhere than in the lungs (if not marked) did not 
contraindicate operation in these cases. Roux, on the other hand, 
considered that vasovesiculectomy should be performed as a prophy- 
lactic operation against involvement of the other epididymis and 
generalization of the tuberculosis. 

At the Societe de chirurgie de Paris, October 13 and Nov. 17, 
1909, Baudet presented two cases of vasovesiculectomy for genital 

19. Tr. Soc. de chir. de Paris, Oct. 13-Nov. 17, 1908. Rev. de chir., 1909. 
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tuberculosis, in one of which removal was accomplished through the 
■combined perineal and inguinal method and in the other entirely by the 
inguinal method of Villeneuve, with good results. In the discussion 
which followed, Marion presented his conclusions as to the problems 
as follows : 

Vesiculectomy is a legitimate operation which deserves current usage. It 
relieves foci of tuberculosis dangerous for the general health and menacing to 
the urinary and remaining genital organs. Results of the operation, when 
scientifically carried out, are good in the great majority of cases. Lesions 
■elsewhere, not due to the genital lesions alone, are contraindications ; but 
nevertheless cystitis aggravated by tuberculosis of the testicles is not a contra- 
indication. The perineal route should be employed always when there is a 
double vesiculitis or vesiculitis and prostatitis and when there are data as to 
the lesions or the single vesicle is large. The inguinal route should be reserved 
for single vesiculectomies, slightly involved and clearly unilateral. 

In my experience this is almost impossible to determine before 
•operation. 

Legueu agreed with these statements of Marion; but he stated 
that he would reserve the operation for more severe cases which were 
markedly aggravated. 

B. Reviezv of the Results Obtained by American Operators . — This 
may be divided into two stages: early operations (before 1902), Weir,^® 
■one case; Fenger,^® one case; Walker,®^ one case; Bolton,®® three 
■cases; Young,®® three cases; Hutchinson,®^ .one case. After that there 
was a quiescent period in the American literature when Whiteside’s 
article appeared in 1910, in which he reported two cases with excellent 
results in patients who were in desperate condition. The technic fol- 
lowed by Whiteside is to start with the incision in the inguinal region, 
the vas being separated as high as possible in the inguinal canal, 
clamped and divided, and the testicle and outer portion of the vas 
being removed. The patient was then placed on his back and through 
a perineal incision the seminal vesicles were exposed and freed. In 
order to remove the remaining vas, the finger was pushed as far^ as 
possible into the depths of the retrovesical wound; then by “pushing 
upward on the forceps which had been previously clamped to the cut 
end of the vas deferens in the inguinal canal,” it was possible to pudi 
this clamp through into the perineal wound, carrying the cord with it. 
By removing this anterior clamp and replacing it with another throng i 

20. Fenger, cited by Senn, N. : Tuberculosis of the Genito-Urmary Organs. 
Male and Female, Philadelphia, 1897. 

21. Walker; Maryland M. J. 1:55, 1877. 

22. Bolton: Ann. Surg. 29:106, 1900, 

23. Young, H. H. : Footnotes 14, 15 and 16. 

24. Hutchinson: Ann. Surg. 29:567, 1900. 
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,In 1918, two articles appeared in America, the first by myself, in 
which I described the new radical procedure which I® had followed 
since 1914 and the second by Quinby ® who detailed seven cases of 
radical excision of the seminal tract for tuberculosis according to my 
technic, wdthout a single operative death and with excellent immediate 
results. There was no mortality in Quinby’s cases, and the results 
obtained are indeed excellent and fully confirm my statements in 
regard to the effectiveness of the radical operation. 

VIII. CONCLUSIONS 

Statistics show conclusively that in most cases of “genital tuber- 
culosis” the primary focus is in the -seminal vesicles. Tuberculosis of 
the seminal tract is, therefore, the better name. 

From the seminal vesicles, the globus minor of the epididymis is 
generally next attacked. 

From the seminal vesicles, the prostate, urethra and bladder are 
often attacked later. 

From the seminal vesicles, more rarely, the kidney may be invaded 
through the lymphatics along the ureter. 

From the seminal vesicles by the posterior line of lymphatics, the 
mediastinum and the lungs may be involved. 

Tuberculosis of the seminal vesicles (ampullae and prostate, if 
involved) ranks first in importance when a curative operation is pro- 
posed for genital tuberculosis. 

Epididymectomy with injection of the vas and vesicle, as proposed 
by von Bungner, is preferable to simple excision, as Cunningham 
has shown. 

Still better results may be obtained by bringing the vas permanently 
out of the skin in the groin for frequent injection and continuous 
drainage as proposed by myself in 1901, and often employed. 

But with all the nonradical procedures, a high percentage of failures 
— ultimate infections of remote organs and death — result. 

The only hope of radical cure or complete arrestation of the disease 
is by the radical operation — “epididymovesiculectomy,” or better 
“excision of the tuberculous seminal tract.” 

This operation has already saved many otherwise hopeless cases. 

By the technic described by myself, with the use of a long “urethral 
prostatic tractor,” the urinary tract can be avoided, while the removal 
of vesicles, ampullae and prostatic lobes is facilitated. 

The entire vas deferens can be removed by the to-and-fro traction 
described without opening the inguinal canal as previously done. 

The incisions are comparatively small and the operation can e 
performed under procain infiltration anesthesia (1 to 400) if the ungs 
are involved. 
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RADIOHUMERAL BURSITIS, EPICONDYLITIS, 
EPICONDYLALGIA (TENNIS ELBOW) 

A PERSONAL EXPERIENCE * 

ROBERT B. OSGOOD, M.D. 

BOSTON 

Tennis elbow, as it has been commonly called in this country and 
Great Britain, or the epicondylitis of Franke, or the epicondylalgia of 
Fere, is a condition that is fairly common among tennis players, though 
by no means confined to them. The first mention of the lesion which I 
have been able to find was by Bernhardt, in 1896, in the Neurologisclies 
C entralblatt , “On a Little Known Form of Occupational Neuralgia.” 
He states that Remak had previously reported a case. 

The most significant contributions on the subject since this article 
have been made by Bahr ^ in 1900, Clado - in 1902, Preiser » in 1907 and 
1910, Vulliet * in 1909, Franke ® in 1910, Momburg ® in 1910, Coues 
in 1914, and Dubs ® in 1920. The articles by Coues,^ in English, and 
Dubs,® in German, are the most illuminating and complete which I 
have seen. There has been no entirely satisfactory explanation of the 
exact etiology of the condition nor any convincing description of its 
pathology. 

The onset of the typical symptoms is rarely absolutely sudden,' 
although the symptoms are well established within a few hours after 
some physical exertion. The fact that the precise moment that the 
physical exertion which may fairly be held to have caused the trouble 

* Read before the Boston Surgical Society, April, 1921. 

1. Bahr: Tennisschmerzen, etc., ein kleiner Beitrag zur Pathologic des Radio- 
Humeralgelenkes, Deutsch. med Wchnschr. 26:713, 1900. 

2. Clado: Der Tennisarm, Progres med. 16:273, 1902; abstr. Nachr. f. 
Unfallhlk., 1903, p. 112. 

3. Preiser, G. : Der Tennis-Ellenbogen, Zentralbl. f. Chir. 34:65, 1907, 
Ueber Epicondylitis humeri, Deutsch. med. Wchnschr. 36:712, 1910; Statische 
Gelenkerkrankungen, Stuttgart, Enke, 1911. 

4. Vulliet: L’epicondylite, Semaine med., Paris, 1909; abstr. Ztschr. f. 
orthop. chir. 26:507, 1910; Die Epicondylitis humeri, Zentralbl. f. Chir. 37. 
1311, 1910; abstr. Zentralbl. f. chir. u. mech. Orthop. 5:81 (Feb.) 1911. 

5. Franke, F. : Ueber Epicondylitis humeri, Deutsch. med. Wchnschr. 36. 

13, 420, 1910. 

6 . Momburg: Ueber Periostitis am Epicondylus humeri, Deutsch. me . 

Wchnschr. 36:260, 1910. ^ -vr 

7. Coues, W. P. : Epicond 3 ditis (Franke) or Tennis Elbow, Boston - • 

S. J. 170:461 (March 26) 1914. 

8 Dubs J : The So-Called Epicondjditis Humeri, Schweiz, med. 

50:166 (Fk' 26 ) 1920; Ibid. 50:187 (March 4) 1920; abstr. J. A. A. 74: 

1289 (May 1) 1920. 
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over the epicondyle; but, in reality, it is usually slightly distal and 
mesial over this portion of the radiohumeral joint, and shifting slightly, 
in different positions of flexion and extension, supination and pronation. 
In cetrain positions, usually extreme pronation, there may be no 
tenderness whatever over the epicondyle. The stereoscopic roentgeno- 
grams have been completely negative in our cases, though evidence of 
“periostitis” has been reported by other observers (Fig. 1, 2 and 3). 

The motions are free, and when passively carried out, are painless. 
When a fist is made and the wrist is plantar flexed, there is pain at the 
seat of the lesion ; but if the wrist is dorsally flexed, relaxing the exten- 



Fig. 1 (Case 1). — ^Anteroposterior roentgenogram of affected elbow, show- 
ing shadow of soft part swelling over lateral condyle and no evidence o 
lime salt deposit over the epicondyle. 

sors, this pain is lessened or disappears. When an attempt is made to 
lift an object, with the elbow fixed in full or partial extension, e^c 
cially if the hand is supinated, there is pain. In a quick, sudden 
extension of the forearm, as in a backhand stroke in tennis, there is 
often, but not always, sharp pain, ceasing quickly. 

THEORIES OF ETIOLOGY 

Numerous theories of etiology and the essential pathology 
been advanced: (1) tearing off of certain muscular ° 

the external condyle, which are never given a chance firm y to re 
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met can hardly be explained by one, or all, of these etiologic theories. 
In twelve personally observed and carefully examined cases, these 
hypotheses failed completely to explain the symptoms or to satisfy 
the physical examination. 

ANATOMY 

The essential anatomy of the region (Fig. 4) consists superficially 
of the extensor group of muscles and the brachioradialis or supinator 
longus which spring from the external condyle of the humerus and 



Fig. 3 (Case 1). — ^Anteroposterior roentgenogram of unaffected elbow; no 
shadow of soft part swelling over lateral condyle. 


the condylar ridge above. Superficial also and most posteriorly is the 
considerable origin of the anconeus. Then, partially covering it, 
comes the extensor carpi ulnaris; next, the common extensor of the 
fingers and the extensor carpi radialis brevior and longior; then more 
anteriorly and mesially the brachioradialis or supinator longus. Beneath 
this conjoined tendon is the supinator radii brevis, attached to the very 
tip of the epicondyle with some fibers which actually blend with the 
radiohumeral joint. Over the supinator radii brevis and the radio- 
humeral joint, the conjoined tendon must have free play. 
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tested singles set, in which no new strokes were being tried. He became 
conscious during the game of a dull pain on the outer side of the right 
elbow, the origin of which he did not remember. It did not seriously interfere 
with his playing. After the game, there was a slight smarting sensation in 
the region of the epicondyle and radiohumeral joint, no appreciable heat 
or swelling, rather acute tenderness to pressure, and a little pain running 
indefinitely down the forearm on certain motions. The initial discomfort 
passed off in a few hours. The tenderness remained; and he was only 
occasionally reminded of the existence of the lesion by a sharp, but not 
disagreeable, pain in various coordinated movements, most of which had to 
do with extension of the forearm and flexion of the fingers. This was more 
marked in supination with flexed fingers than in' pronation. 

For a few weeks, the arm was strapped with 10-inch (25.4 cm.) strips of 
adhesive plaster, applied with the arm in supination, running from the palmar 
surface of the forearm over the epicondylar surface of the upper arm, limiting 
full extension, and applied with the hope of relieving tension on the supinator 
radii brevis and brachioradialis (supinator longus). He continued to play 
tennis whenever the opportunity was offered, and found relief from the 
strapping, though this relief was not complete. His interest in the lesion 
having been aroused, he decided to do everything he could to make the 
condition worse. He removed the plaster and played throughout the remainder 
of the season without protection of any sort. The result was unexpected. He 
was never completely unconscious of the trouble during a game, and a sharp 
stab of pain occasionally interfered with the success of a hard backhand 
placement shot. In general, however, his game was not interfered with, if 
the scores of sets with players whose metier he had taken for several years 
can be taken as criteria. He even entered a small local doubles tournament, 
which, with the help of a good partner, he completed. Nor was this playing 
done with any gritting of the teeth. Service was not interfered with at all; 
and the occasional, momentary, sharp pain did not outlast the stroke. There 
frequently was a feeling of heaviness and lameness in the arm following a 
long match; but he was never kept awake by the pain, and the next morning 
he felt as well as ever. He could paddle, throw a ball, and swim without 
unpleasant sensations. 

The condition, however, remained stationary. The tenderness continued, 
the discomfort was increased by carrying a heavy bag; distinct weakness was 
felt when the marmalade jar was passed at breakfast, and a blow over the 
external condjde caused an involuntary jump. 

None of the theories of the nature of the lesion seemed fully to 
explain these symptoms. The anatomy of the conjoined tendon and 
its necessary movement over the supinator radii brevis tendon and the 
radiohumeral capsule suggested the possibility of the existence of a 
small bursa at this point. The chief books on anatomy were consulted 
but no description of a bursa in this region was found (Fig. 5). 

Dr. Pearce Coues called my attention later to a description oft le 
interosseous bursa, said to be involved in “tennis elbow/’ m ar 
Toldt’s “Atlas of Human Anatomy,” Section on Myology, page 
This bursa, however, was located at the lateral aspect of the icep 
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the external condyle downward, over the head of the radius, a slightly 
oblique incision, II /2 inches (3.8 cm.), was made, extending from the condyle 
downward, in line with the radius, well over the radial head. Dissection 
was carried down through the fascia in this line, and the fibers of the con- 
joined tendon were split, after infiltration of the deeper tissues. An exquisitely 
tender point was located just below' the condyle, on its lower surface, bet\yeen 
it and the radial head. Incision was enlarged slightly downward, to come 
directly over this tender area. The radiohumeral joint was opened and exposed. 
It appeared normal. The radial head rotated freely. All muscle fibers seen 
in this region w'ere smooth and intact. Just below the epicondyle a small 



Fig. 6.— Dissection of specimen: A, line of skin incision; B, retraction 0 
skin and subcutaneous tissue, conjoined tissue exposed, incision m line 0 
fibers of conjoined tendon, and C, conjoined tendon split and retracted witi 
opened radiohumeral bursa beneath, silk threads through walls of bursa. 


amount of bluish-gray, thickened tissue was seen, which had the . 

of bursal tissue, lying directly above the anterolateral surface of the head 
the radius, with fibrinous exudate on it and outside the joint. 
free fluid found in this tissue. Two pieces of this tissue were excise 
study,, one from the side and one from the base of the small 
excellent view' of the attachment fibers of the short supinator was 
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Further dissections were subsequently carried out at the school. In 
one case, no bursa was found; but in seven elbows examined consecu- 
tively, bursae were present, varying in size from 1 cm. to 2.5 cm. 
in diameter. 

Case 2. — A typical, early case of three months’ duration was encountered 
in the Orthopedic Clinic of the Massachusetts General Hospital in a painter, 
aged 41. Complete immobilization for two weeks having caused no abatement 
of the tenderness, the patient was persuaded to allow an exploratory operation 
to be performed, on the basis of the favorable outcome of the previously 
reported case. This case was more acute, with pain radiating down the arm 
and weakness of hand grip. A bursa, 2 cm. in diameter, containing a slightly 
cloudy, glairy fluid, resembling synovial fluid, was found (Fig. 8). The walls 
of this sac, which did not communicate with the joint, were curetted, and 
the wound was closed tight, by suturing the split in the conjoined tendon 



Fig. 8 (Case 2). — Operative exposure of bursa. 


with catgut and the skin with silk. The arm was immobilized in plaster for 
one week ; gentle movements were allowed during the second week, and 
freedom of use after fourteen days. The tenderness entirely disappeared and 
the patient resumed his work as a painter, without discomfort and with a 
full range of painless motion. 

Case 3. — History. — Mr. L., seen in private practice, gave a typical historj 
of so-called tennis elbow, following a few hours after strenuous cranking of an 
automobile, months before. He had had no treatment other than local app i 
cation; and the symptoms, though never severe, were annoying, especially m 
carr 3 n‘ng a bag or lifting an object from the table. The physical signs were 


absolutely characteristic. 

Operation and Results . — Since it was necessary for this patient to 
a minor operation on an amputation stump of his left leg, he was 
to have the elbow explored at the same time, in the hope that the mi , 
persistently annoying, symptoms might be made to subside more quic y. 
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he supposed had set up an inflammation in the areolar tissue beneath. 
I believe I am right in stating that he has never published his obser- 
vations, which he was kind enough to describe to me after I had told 
him of the bursa findings. 

Another sidelight on the condition has been thrown by Dr. Wade 
Wright, in charge of the Clinic in Industrial Medicine at the Massa- 
chusetts General Hospital. I have considered with him about fifteen 
cases of pain referred to the external condyle of the humerus, 
occurring in connection with lead poisoning. In several of these, there 
had been no trauma which the patient could remember ; and in several, 
there have been symptoms referred to the left elbow and to other 
joints and bursae. The association of joint pain in cases of lead 
poisoning has been well known for many years, the first article of 
which I am aware being written by Tanquerel des Planche,^- “Lead 
Poisoning; A Treatise.” 

Dr. Wright also has been impressed with the common symptoms 
suggesting subacromial bursitis in cases of lead poisoning. I have 
examined several of these cases of pain referred to the external 
condyle; and the symptoms have been absolutely typical of the trau- 
matic or occupational tennis elbow. The symptoms in several of 
them have disappeared along with the relief of the other symptoms of 
lead poisoning. This connection seems perhaps to add strength to 
the theory of a bursitis as the common pathologic condition. 

SUMMARY 

1. Tennis elbow, epicondylitis, or epicondylalgia presents a fairly 
typical syndrome, occurring in connection with certain sports, most 
commonly with tennis, and in various occupations and in lead poisoning. 
The right arm is more commonly afifected than the left. This condi- 
tion occurs more often in men than in women, but it is typical in 
both sexes. One case is reported in a boy of 14. 

2. It seems to be most frequently caused by strenuous or repeated 
extension of the arm in a flexed position, meeting a sudden opposi- 
tion to further extension, as in a backhand stroke in tennis, fencing 
or in boxing (Vulliet^), or by striking blows with a hammer with 
the arm in a cramped position, by the punching and lasting of a shoe 
maker, by the slinging of mortar by the mason. It is possible that an 
infection or toxin may be the etiologic factor in certain cases. 

3. The essential pathology is believed to be an inflammatory reac^ 
tion in a commonly existing bursa, varying in size, and located benea^^ 
the conjoined tendon of the extensor muscles between this tendon an 

12. Tanquerel des Planche: Lead Poisoning: A Treatise, Boston, Tapp 
Whittemore & Mason, 1850. 
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the lip of the cpicondylc, llic origin of the supinator radii brevis 
muscle, and the radiolnuneral joint. Somewhat similar symptoms 
occasionally referred to the mesial condylar region may be explained 
by similar areolar tissue reactions beneath the common tendon of the 
flexor muscles. No constant bursa has been found in this region but 
adventitious ones may well occur. 

4. Heretofore, the only method of treatment Avhich has been 
generally successful has been complete immobilization for six weeks. 
Untre.ated, the discomfort nw' persist indefinitely; but it is usually 
self-limited, in from three months to a j’car. The operation of splitting 
the conjoined tendon, opening the bursa, evacuating the contents, and 
curetting its walls is not likely to do harm ; and in two cases it has 
been followed by a rapid subsidence of symi^toms and free use of 
the arm. 

5. It is possible that the so-called epicondylitis may be due to a 
lesion of more than one structure, as in the operative findings of 
Franke and Goeldel but if in the typical lesion, the bursa described 
above is commonly found, and if its affection, as in our cases, should 
be found to be fairly constant, the name radiolnuneral bursitis may 
be considered more descriptive than the term epicondylitis or tennis 
elbow. 


13. Gocldcl: Tlie Cati.sation and Treatment of Epicondviitis, Miinchen. med. 
Wclinsclir. 67:1147, 1920. 



STUDIES IN TRAUMATIC FRACTURES OF THE 

CRANIAL BONES 


I. EDEMA OF THE BRAIN ; II. BRUISES OF THE BRAIN * 

CARL WESLEY APFELBACH, S.B. 

CHICAGO 

I. EDEMA OF THE BRAIN 

The basis for the well recognized variability of the clinical mani- 
festations accompanying fracture of the cranial bones is readily under- 
stood when the many possible alterations in the head resulting from 
this form of injury are considered. There is no single anatomic 
change in any instance responsible for the character and severity of the 
symptoms. The fracture is often simple, but is produced by a force 
which may tear blood vessels, compress the brain, injure the content 
of cranial foramina or open a path for infection from the outside. 
The bruises of the brain that are so commonly present may be absent, 
and still death may follow. Similarly, extradural, intra-arachnoid 
(subdural) and subarachnoid hemorrhages are inconstant. Death 
occurring shortly after injury is probably due in some instances to 
shock. 

Edema has long been recognized as one of the changes which may, 
in the brain, follow trauma severe enough to fracture the cranial bones ; 
but the interpretation of this change, its origin and its importance 
as a cause of the symptoms have not received the attention given almost 
all other sequelae. 

Some writers ^ believe that edema of the brain occurs when intra- 
cranial tension is increased by a foreign body (such as large intracranial 
blood clots, depressed fractures, etc.) sufficiently to interfere with the 
cerebral circulation. Then the capillaries and veins are compressed 
and stasis of blood in the arteries and veins follows, with transudation 
of fluid into the brain tissue. Transudation, however, does not always 
immediately follow such embarrassment of the circulation; frequently 
a period of a day or two intervenes between the injury and its appear- 
ance. The importance of edema is that it may increase intracranial 
pressure and aid in producing the fatal anemia of cerebral compression. 

*From the Department of Pathologi', Rush Medical College. 

* Aided by a grant from the American Medical Association. 

1. Kocher, Theodor: Hirnerschutterung, Hirndruck und chirurgische in 
griffe bei Hirnkrankheiten, in Nothnagel ; Specielle Pathologic und T lerap^^ 
5:134, 1901. Von Bergmann and von Bruns: Von Bergmann in Han uc 
praktischen Chirurgie, Ed. 3, 1:169-185, 1907. 
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Cannon - does not believe that fluid will pass from blood vessels 
into the brain tissue merely because blood pressure is increased ; and 
he has emphasized that high blood pressure may be caused by increased 
tension in the brain tissue. He attributes the occurrence of edema 
to changes in osmotic pressure in the brain tissue, caused by contusion, 
the latter characterized b}' “diffuse formation of thrombi, punctate 
extravasations and thin patches of hemorrhage in the meninges”; and 
especially because the arteries arc terminal vessels. He produced 
great swelling of the brain by passing physiologic sodium chlorid 
solution through the cerebral arteries of a cat, and concludes that edema 
of the brain substance is the result of alterations in the brain tissue, 
associated at times with a pressure many times greater than the blood 
pressure. He believes that the edema aniply explains all the signs of 
intracranial tension often manifested b)' patients suffering from 
cerebral trauma. 

Courtney ^ does not regard traumatic cerebral edema as a patho- 
logic entity, but as part of a general condition that he terms “contusion,” 
characterized by hyperemia, thrombosis and transudation. Relying on 
Obersteiner’s demonstration of vasomotor nerves for the cerebral 
arteries, Courtney postulates that cerebral vascular paralysis may follow 
trauma as does splanchnic paralysis. Therefore, when the brain is 
injured and “contusion” occurs, the transudate, unabsorbed because 
of vasomotor paralysis, compresses contiguous regions progressively 
until cerebral and bulbar anemia results. 

“Hirnschwellung,” a condition in which the ratio that has been 
established between brain weight and cranial volume under normal 
conditions is disturbed, so that the weight of the brain exceeds the 
normal figure for a given cranial volume, is present in some instances 
of fracture of the cranial bones. Reichardt “ believes that the pressure 
symptoms frequently noted after cerebral injury are due to such an 
alteration of that ratio. Although Reichardt, who first described 
“Hirnschwellung,” could not find microscopic changes to explain the 
phenomenon, others “ have described degenerative changes (“ameboid 

2. Cannon, W. B. ; Intracranial Pressure After Head Injuries, Boston M. 
& S. J. 145:158, 1901. 

3. Courtney, J. W. : Traumatic Cerebral Edema: Its Pathology and Sur- 
gical Treatment: A Critical Study, Boston M. & S. J. 140:345, 373, 393, 1899. 

4. Reichardt, M. ; Bericht fiber Folgen der Hirnverletzungen, Deutsch. Ver. 
f. Psychiat., April, 1918; Deutsch. Ztschr. f. Nervenh. 28 : 1905; Berl. klin. 
Wchnschr. 55:822, 1918. 

5. Perusini: L’anatomia pathologica in Psichiatria, Riv. sper. di freniat. 
35 : 1909. Alzheimer: Beitr. z. Kenntn. d. path. Neuroglia usw., Nissl-Alz- 
heimer hist. u. histopath. Arbeiten 3: 1911. 
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glia cells and cells with fibrinoid graimles”). Reichardt ® has expressed 
the belief that the underlying process is absorption of water by proto- 
plasm and not a transudate outside the cells. Attempts to reproduce 
this condition in animals have so far failed.^ 

Some writers ® explain edema of the brain by changes in the rate 
of secretion or absorption of cerebrospinal fluid. Rawling states; 

If as a result of some head injury, the intracranial venous pressure is 
considerably raised, so as to be well above the tension of the cerebrospinal 
fluid, the normal rate of absorption of cerebrospinal fluid will be impeded and 
it will collect in excess. 


“Reactionary swelling” of the brain to trauma is another term 
applied to edema of the brain by some,® to explain the frequent presence 
of excess fluid in the cranial cavity and the clinical manifestations of 
cerebral compression in fracture of the cranial bones. 

Encephalitis and edema of the brain, following cerebral trauma, 
are factors which may produce a vicious circle leading to venous 
hyperemia, and then more edema, until anemia of the brain results, 
according to Garrow.^® 

Rogers believes that extradural or subdural hemorrhage is never 
alone adequate to explain death, but that the small hemorrhages accom- 
panied by edema (produced by “irritation”) cause intracranial pressure 
sufficient to destroy life.. 

The only common factor in the above mentioned opinions is that 
there is an increase of fluid in the cranial cavity in some instances after 
fracture of the cranial bones. There still remain questions regarding 
edema in general which are not answered, and until they are, any 
discussion of the factors involved in edema of the brain must of 
necessity be largely theoretical. 

The . production of cerebral edema in vivo, simulating closely the 
edema found after cerebral trauma, was accomplished by Weed and 


6. Reichardt, M. : Ueber Hirnschwellung, quoted by Barbieri and Carbone. 
Biochem. Ztschr. 49:293, 1913. 

7. Barbieri and Carbone: Biochemische Studien fiber die Gehirnschwenung. 
(a) Die akute Schwellung des Gehirns und die kolloidale Lehre vom 0 etn, 
Biochem. Ztschr. 49:293, 1913. Liesegang and Mahr; Hirnschwellung. 'C 
Physik und Chemie der Hirnschwellung, Ergebn. d. Neurolog. u. Psyc 'a • 

2-157, 1912. ^ , T., -4 Rrit 

8. Rawling, L. B.: Cerebral Edema (Excess Cerebrospinal Fluid, 

M. J. 1:499 (May 4) 1918. Hamilton, W. F.: Intracranial Pressure, Cana . 
M.’ A. J. 8:873 (Oct.) 1918. 

9 Trotter: Brit. J. S. 2:520, 1915, quoted by Lobingier: Cerebral cae 
in Intracranial Trauma, Calif. State M. J. 16:303 (June) 1918. _ 

10. Garrow, A. E.: The Surgical Relief of Increased Intracranial 


sure, Canad. M. A. J. 8:882 (Oct.) 1918. 

11. Rogers, C. C. : Intracranial Pressure, Surg., Gynec 

(March) 1920. 


& Obst. 30:291 
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McKibben and Renauld,^-'’ b}’ intravenous injections of hypotonic 
solutions (water and 0.6 per cent, sodium chlorid solution, respectively). 

The expression "edema of the brain” as used here represents a 
sieneral edema of the brain substance and not the local edema about 
bruises, or edema ex vacuo, or serous meningitis, or pia-arachnoid 
edema or internal hydrocephalus. When edema is marked, at the 
postmortem examination, the drumlike tenseness of the dura after 
removal of the calvarium is conspicuous and commensurate with the 
degree of intracranial tension. After the dura is reflected from the 
top of the brain, the convolutions arc found to be flattened ; the periph- 
eral ends of the sulci closed tightly; the small cerebral veins empty, 
and the larger branches near tlie superior longitudinal sinus sometimes 
filled and wedged tightly in the sulci. The minute pial arteries are 
almost, or quite, invisible; the surface of the visceral arachnoid layer 
is dr}'’ and by reflected light, scattered, almost microscopic droplets 
are seen that form when the viscid serous surfaces are separated. If 
there is no subarachnoid hemorrhage, the surface of the brain is light 
grayish-brown or the color of putty. When the brain is removed 
from the cranial cavity, it is found to be soft, and easily loses its form 
if laid on a flat surface. After the brain is hardened in liquor formal- 
dehydi for several days, the following changes are noted ; an increased 
difficulty in cutting, closure of the lateral ventricles, and the absence 
of the stippling of the brain substance by the small intracerebral blood 
vessels — a condition also usually present with anemia from whatsoever 
cause. Microscopically, the perivascular lymph sheaths are distended ; 
and there are empty spaces between fibers and cells, tbe latter farther 
apart than normally. Changes in the cells are sometimes absent. In 
many brains, there are also the various types of bruises of the brain, 
leptomeningeal hemorrhage and compressed regions from large extra- 
dural or intra-arachnoid blood clots. When Weed and McKibben,^^ 
as mentioned, produced these changes, they also found them absent if 
the skulls were first trephined so the brain might expand. 

Believing that information as to the Avater content Avould aid in 
fexplaining the role of the edema accompanying cerebral injury, deter- 
minations of the percentage of water Avere made of the brains from 
the bodies of twenty-six persons Avho died of linear fractures of the 
cranial bones and associated brain injuries.^* (See Tables 4 and 5 .) 

The head of the body Avas opened before the trunk so as to prevent drain- 
age of fluid from the head to the trunk and thus maintain pressure relations 

12. Weed, L. H., and McKibben, P. S. : Experimental Alteration of Brain 
Bulk, Am. J. Physiol. 48:531 (May) 1919. 

13. Rehauld, quoted by Liesegang and Mahr; Footnote 7, second reference. 

14. Necropsies, medicolegal, by Dr. E. R. LeCount. 
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in the cranial cavity more nearly like those existing during life. The brain 
was removed from the cranial cavity and placed in a dry calvarium and 
weighed. The thin meninges were then removed from the tops of the parietal 
lobes ; brain tissue was cut out and placed in weighed glass-stoppered weigh- 
ing bottles, and weighed immediately; the material was then removed quan- 
titatively to a beaker and kept in redistilled 95 per cent, alcohol until used. 

The method employed to determine the water content is essentially 
that devised by Waldemar Koch/*^ modified by Mathilde L. Koch,^® 
and followed by McKenzie and LeCount in the study of edema of 
the brain following heat stroke. 

The brain tissue is cut into small pieces, transferred to a dried, weighed 
extraction thimble and extracted in a Soxhlet apparatus for from six to twelve 
hours with redistilled 95 per cent, alcohol, and from six to eight hours with 
redistilled ether. After the ether evaporates, the dry white porous tissue is 
ground to powder in a glass mortar, transferred to a beaker, and digested 
with hot distilled water on an electric plate for fifteen minutes. The water 
is decanted into another beaker, and similar water digestions repeated three 
times. The water extracts are evaporated to about 25 c.c. ; redistilled 95 per 
cent, alcohol is added to precipitate the water soluble proteins, and the solids 
are again transferred to the extraction thimble to be extracted in the Soxhlet 
apparatus for from twelve to eighteen hours with redistilled 95 per cent, 
alcohol. The alcohol, ether and water extracts and filtrates are evaporated 
together and dried to constant weight in a vacuum desiccator. The residue 
and the extraction cup are dried in an oven at 105 C. to constant weight. 
The sum of the weights of the dried extracts, filtrates and residue gives the 
weight of the solids, and subtraction of this sum from the weight of the 
fresh tissue gives the weight of the moisture. 

Even this method does not furnish an exact measure of the water 
content of brains from bodies in which increased intracranial tension 
existed before death, for these reasons : 

1. The fall of blood pressure and the passage of blood from the 
head to the trunk after death decrease the intracranial tension and may 
permit some fluid to escape from the brain tissue into the leptomeningeal 
spaces and even into the spinal canal. 

2. When the skull-cap and dura are removed, intracranial tension 
is reduced ; the tension on the fluid in the brain is reduced, and fre 
quently fluid drips from the brain while the latter is being remove 
from the cranial cavity. 

15. Koch, Waldemar; J. Am. Chem. Soc. 31:1340, 1909. 

16. Koch, M. L., and Voegtlin, C.: Chemical Changes in the Central Ner^ 

vous System in Pellagra, Bull. 103, Hyg. Lab., U. S. Public Health erM 
Washington, D. C., 1916, p. 67. 4 • 

17. McKenzie, P., and LeCount, E. R.: Heat Stroke with a Second Stu .v 
of Cerebral Edema, J. A. M. A. 71:260 (July 27) 1918. 
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3. When the leptoitieninges are removed before cutting out brain 
tissue for weighing, fluid wells up into the sulci and frequently half 
fills them in the few seconds required to excise sufficient tissue. 

The increase of water found by this method, therefore, represents 
simply some part of the actual increase of moisture in the brain that 
existed before death. When intracranial tension is not increased, the 
chance for loss of water is not so great and the determinations are more 
nearly correct. The smaller amount of increase found in the analyses 
when gray matter predominated (Table 5) may be due to the proximity 
of this tissue to the surface of the brain where the fluid may more 
easily escape. 

There are several other factors entering into the analyses that may 
interfere with the use of the results obtained in arriving at definite 
conclusions as to the actual increase of fluid in the brain substance : 

1. The normal water content of the whole cerebrum and of some of 
its components has been computed by several investigators; and it is 
readily understood that similar parts of the brain must be used in each 
analysis, and that the normal water content of such pieces must be 
determined for control purposes (Table 1). 

TABLE 1. — Normal Water Content of the Whole Cerebrum 
AND OF Some of Its Components 


Investigator 

BnumstarJf (Arch. I, d. gcs. PJjj'siol, Vol. 7) 

Bernardt (quoted by Halliburton) 

Petrowsky (quoted by Halliburton) 

DeRcgibus (quoted by Halliburton) 

Charles (quoted by Halliburton) — 

Koch and Voegtlln 

ThudiehunJ ’’ (Die chomisclic Constitution dcs Gchirns, 

Tiibingcn, IGOl) 

Halliburton (Chemical Physiology and Pathology, Lon- 
don, ISOI, p. 517) 

Hammarsten (quoted by McKenzie and Lccount i") 


Cerebrum, 
Per Cent. 


81.00 

7G.90 


70.3 


White 
Matter, 
Per Cent. 
09.53 

70.00 

65.00 

70.00 


70.20 

70.00 


Gray 
Matter, 
Per Cent. 
70.99 

85.00 

81.00 
86.00 


85.20 

83.50 


2. The water content of the brain decreases from infancy to old 
age. Rosenheim found the water content, in percentage, to be 78.86 
for man, 85.8. for a child of 3 months, 89.99 for a child of 5 days, and 
9,0.29 for a fetus of 36 weeks. 

3. In albino rats it has been found that the water content of the 
brain increases after death.^® When death was due to pneumonia, 
there was from 0.7 to 0.8 per cent, more water in the brains of animals 

18. Rosenheim: Purification of Kerasin and Phrenosin, Biochem. J. 8:110, 
1914, quoted by Mathews, A. P. : Physiological Chemistry, Ed. 1, 1915, p. 579. 

19. King, H. D. : The Effects of Pneumonia and of Postmortem Changes on 
the Percentage of Water in the Brain of the Albino Rat, J. Comp. Neurol. 
21:147-154, 1911. 
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dead for eight or nine hours than there was in 'other animals examined 
immediately after death, other conditions being quite similar as regards 
age and breed. 

4. After adult life is reached, the water content of brains of 
individuals of the same age is not the same, because atrophy is more 
marked in some (because of arterioscleriosis, alcoholism, etc.). There- 
fore, edema .of some degree may be present in such a brain with 
atrophy and still the brain may not show by actual measurement any 
more water than normally present, or at the most a slight increase. 

5. Murachi found in experiments on s'welling of the brain sub- 
stance that the gray and white matters swell differently. 

To decrease the errors that might result because of these factors, 
the water content of control brains Avas determined. In the first series, 
a piece of brain was removed from the upper surface of each cerebral 
hemisphere close to the motor region, cone shaped, the base being 
from 4 to 5 cm. in diameter and from 5 to 6 cm. deep. In such 
pieces, the white matter predominates. Four brains were examined 
with the results given in Table 2. 

TABLE 2. — Water Content of Control Brains for Series 1 




Weight of 


Time Elapsed 

Time 

Age 

Case 

Per- 

Brain Tis- 

Patient in 

Between In- 

Elapsed Be- 

No. 

eentage 

sue Used 

Hospital 

jury 

tween 

in 


of 

in Grams 

and En- 

Death 

Tears 


Water 



trance 

and 

Necropsy 


21 

75.83 

95,6258 

4 hours 

25 min. 

2 to 3 hrs. 

10 hours 

27 

28 

75.23 

97.6866 

7 hours 

45 min. 

2 hours 

14 hours 

35 

29 

74.36 

79.8297 

Found dead 


Unknown 

20 

30 

75.44 

129.9406 

20 rain. 

Unknown 

21 hours 

45 


Cause of Death 


Bullet wounds; hemo- 
thorax, 1,795 gm. of 
blood* 

Bullet wounds; hemo- 
thora.x 

Bullet wounds; hemo- 
pericardium 

Bullet wounds; hemo- 
thorax 


* Difficulty was encountered in finding brains which could be used ® 

the water content of brains is disturbed by many causes of death. With genemi 
anemia, edema of the brain is present; but as the analyses show, the edema is minimal. 

The normal water content for the pieces of brain used in Series 1 
is near 75.5 per cent. Allowing for changes due to absorption of 
water after death and the variation due to age and preexisting diseases, 
an actual increase of water is considered to be present when the analysis 
indicates that the percentage of water is above 76 per cent. 

In the second series, a thin piece was removed from the upper 
surface of each hemisphere, the thickest portion measuring not more 
than 1 cm. Gray matter predominates in these pieces. The matena 
used by MacKenzie and LeCount was of similar parts of the brain , 

20. Murachi, N. : Ueber die titrierbare Aziditat und die Quellungsfahigheit 
des uramischen Gehirns, Arb. a. d. neurol. Inst. a. d. Wien. Univ. 10:32 , 
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Hospital 


76.90 

76.97 

79.70 

77.50 
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cent, of the brain volume was introduced no changes occurred; but 
with 10.1 per cent., there was slowing of the pulse and respiration. 
Schulten^s believes that in man there may be from 40 to 90 c.c. 
decrease of intracranial space by extradural hemorrhages and no symp- 
toms necessarily follow. Sixty-eight c.c. of free blood between the 
dura and the cranial bones have produced moderate stupor and slowing 
of the pulse; and 116 c.c. have produced marked symptoms of intra- 
cranial pressure with coma. Schulten also states that 130 c.c. of free 
blood in the subdural space may produce no symptoms, while 250 c.c. 
soon produces death. Cushing states that unless some specialized 
centers are compromised by a compressing force, the cranial cavity may 
harbor a foreign body from one-eighth to one-tenth the size of the 


TABLE S. — Results and Conditions Connected with "Examinations 
OF Brains in Series 2 (Skull Fractures) 


No. 

Per- 

centage 

of 

Water 

Esti- 
mated In- 
crease 
of Water 
in Per- 
centage 

Weight 

of 

Brain 

Esti- 
mated 
Increase 
of Water 
in Whole 
Brain 

Patient in 
Hospital 

Hours 

Elapsed 

Between 

Injury 

and 

Entrance 

Hours 

Elapsed 

Between 

Death 

and 

Necropsy 

Age 

1 

78.74 

0 

1,562 


8 

hours 

Unknown 

12 

45 

2 


0.9 

1,327 

11.94 

30 

hours 

Unknown 

£0 

60 

3 



1,348 

0 

1.40 hours 

3 or 4 

16 

33 

4 

82.20 

2.20 



3.30 hours 

10 ? 

13 

14 

17 

78.29 

0 

1,509 

0 

48 

hours 

Unknown 

8.30 

SO 

18 

81.48 

1.48 

1,319 

19.52 

26 

hours 

3 or 4 

20 

6T 

20 

79.39 

0 

1,579 


10 

hours 

Few hours 

5 

35 

22 

79.30 

0 

1,377 


20 

hours 

Unknown 

9 

45 

23 

80.71 

0.71 

1,295 

9.19 

2 

hours 

Unknown 

14 

6o 

24 

81.86 

1.86 

1,333 

24.79 

21 

hours 

Unknown 

4 

60 

25 

81.01 

1.01 

1,391 

14.04 

52 

hours 

3 or 4 

10 

7 

26 

81.62 

1.62 

1,341 

21.72 

9 

hours 

2 hours 

5 

40 

27 

80.22 

0.22 

1,336 

2.93 

5 

days 

3 hours 

16 

70 


brain, without the major symptoms of compression appearing. Pagen- 
stecher did not find general symptoms of compression when 6.5 per 
cent, of the cranial cavity was occupied by a foreign body; but with 
8.1 per cent., coma and sudden death occurred. 

The variance in the figures quoted is dependent on the unequal 
vulnerability of the various parts of the brain to pressure. Breslauer 
produced unconsciousness in dogs by the injection of 2 c.c. of pl^^sio- 
logic sodium chlorid solution in the subarachnoid space at the base of 

22. Schulten: Arch. f. klin. Chir. 32:433, 455, 947, 1885, quoted by Kocher: 
Footnote 1. 

23. Cushing: Some Experimental and Clinical Observations Concerning 
States of Increased Intracranial Tension, Am. J. M. Sc. 124:375-400, 190-. 

24. Pagenstecher, quoted by Kocher: Footnote 1. 

25. Breslauer: Zur Frage des Hirndrucks, I. Ueber akuten Hirndruc 
Arch. f. Clin. Chir. 103:478-496, 1914. 
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the brain, while Diiret was able to inject 18 c.c. of a similar solution 
before symptoms appeared. 

Even though the actual increase of water in some of the brains 
examined would appear to be insufficient to produce symptoms when 
compared to the figures quoted above, the tenseness of the dura, after 
the removal of the calvarium and the absence of other foreign bodies 
(such as clots, etc.), suggest that edema is the cause of the increased 
intracranial tension. The experiments of Weed and McKibben^® 
indicate that edema alone causes swelling of the brain sufficient to 
produce protrusion of the brain through trephine holes and cerebral 
hernia. Positive proof that edema plays a role in the production of 
symptoms of intracranial pressure in fractures of the cranial bones 
may be obtained by surgeons from clinical observations. If edema 
does cause symptoms of intracranial pressure, then they should usually 
appear several hours after the injur}^ and increase up to the end of the 
second or third day, and then diminish unless death ensues. If other 
causes for increased intracranial tension (such as extradural and sub- 
dural clots) are absent or of minimal extent, it may well be concluded 
that edema may produce the symptoms of intracranial tension. 
Reichardt ® and others have suggested that the increase of the volume 
of the brain may be due to a colloid-chemical phenomenon, based on 
the Avork of Fischer and others,*^® and this may explain the marked 
swelling in the presence of a relatively small increase of the water 
content of traumatized brains. 

CONCLUSIONS 

1. Edema of the brain occurs frequently with fractures of the 
cranial bones. 

2. Edema was most frequently found in the brains of persons who 
died between several hours after the accident and the second or third 
day; it was usually absent when death occurred during the first few 
hours or three or more days after the injury. 

3. It is not yet known whether edema of the brain plays an 
important part in producing symptoms and death in fractures of the 
cranial bones, or whether it is merely a terminal pathologic condition 
dependent on changes in the brain tissue, physical or chemical, that 
are the essential lesions of traumatized brains. 

26. Duret: Etudes experimentales et cHniques sur les traumatisraes cere- 
braux, Paris, 1878. 

27. Fischer, M. H. : Oedema and Nephritis, New York, John Wiley & Sons, 
Ed. 3, 1921, p. 731. 

28. Barbieri and Carbone ; Liesegang and Atahr : Footnote 7. 
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II. BRUISES OF THE BRAIN 

The examination of the hardened brains used in the analysis for 
water content revealed some characteristics of bruises of the brain 
and traumatic leptomeningeal hemorrhage that have not been given 
careful consideration in the literature that I have reviewed. 

In a previous report^®. in which were described the bruises in the 
brains of 504 persons who died with fracture of the cranial bones, 
a classification of bruises was made to bring out the extent of the 
cerebral destruction. In about 10 per cent, of the 504 brains, there 
were deep lacerations, the leptomeninges were torn widely open, and 
the brain was destroyed for from 2 to 4 cm. deep, and in areas of 
from 4 to 6 cm. The remainder of the bruises varied from wedge- 
shaped regions from 2 to 4 cm. deep, the leptomeninges covering them 
being torn sometimes, and the brain tissue being infiltrated with blood 
and superficially destroyed, to smaller bruises frequently consisting 
merely of petechial hemorrhages of the cortex. After careful consid- 
eration of the bruises in the twenty-six brains studied in this series, still 
another classification of bruises presented itself. In the first class are 
those which result from laceration of the brain tissue at the time that the 
cranial bones are fractured, and in the second, a much larger group, 
bruises which are caused by hemorrhage from torn pial arteries at, or 
near, the junction of the white and gray matter. It is with the second 
class that this discussion is chiefly concerned. 

When a hardened brain from the body of a person dying with 
fracture of the cranial bones is examined, the first thing usually noticed 
is free blood in the leptomeninges, sometimes thick enough to hide 
the convolutions of the brain and sometimes only enough to make the 
sulci brown. But common to all is the patchy distribution of the blood 
and the presence of the blood chiefly in the leptomeninges of the front 
half of the top of the brain, while at the base the surface and the 
margins of the bruises are covered with blood. Traumatic intralepto- 
meningeal hemorrhage does occur without grossly visible bruises of the 
brain ; but much more commonly it results from cerebral injury. In view 
of the fact that the base of the brain is frequently injured, while the 
upper surface is injured infrequently, there must be distinct anatomic 
or physiologic conditions to explain this phenomenon. A fact that 
does not agree with the explanation that the leptomeningeal hemorrhage 
is the result of trauma to the thin meninges of the top of the brain is 
that the blood can usually be traced to bruises of the under surface or 
sides of the brain, being thickest near the bruises and gradually thinning 

29. LeCount, E. R., and Apfelbach, C. W. : Pathologic Anatomy of Trau- 
matic Fractures of Cranial Bones and Concomitant Brain Injuries, J. A. i • 
74:501-511 (Feb. 21) 1920. 
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out toward the top of the brain. Still another explanation may rest 
in the flow of the cerebrospinal fluid from the base toward the 
pacchionian bodies, which would carrj'^ the blood with it to the top 
of the brain. During the removal of the leptomeninges of the brain in 
order to determine the exact amount of bruising of the outside of the 
brain, it was found that the leptomeninges of the top and sides of the 
front of the brain are easily stripped from the surface and out of the 
sulci ; whereas at the base, only small pieces can be removed because 
of the tightness with which the membranes hug the surface of the 
brain. Inasmuch as bleeding follows the lines of least resistance, I 
believe that it is the latter factor that determines the spread of the 



Fig. 1. — Posterior surface of a coronal segment of the cerebrum at the level 
of the anterior horns of the lateral ventricles : a and c indicate two bruises, 
the centers near the junction of the gray and white matter; the outside of 
the brain at c grossly is unchanged, while at a it is unchanged except for 
grayish-black discoloration. At 6 is a large bruise entirely inside the brain 
since there is a thin strip of gray matter at the surface. At d is a bruise, all 
in the gray matter and extending to the surface, for here there is shallow 
excavation, the surface honeycombed and mottled brown and gray. 

blood to the top of the brain instead of into the tightly adherent 
leptomeninges of the base. 

When the surface of the brain is examined after the leptomeninges 
are removed, many signs of injurj'^ are found that cannot be seen with 
the membranes still in place. Often when the leptomeninges are not 
torn and only leptomeningeal hemorrhage is seen, multiple small bruises 
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can be found. Aside from the larger lacerations already excluded from 
this description, the surface appearance of the injuries is as follows : 

The minimal changes consist of gray-black discolorations of the 
surface, from 1 to 10 mm. in their greatest dimension. They are 
located a variable distance centrifugally from the largest bruises. A 
little more extensive, and the most frequent, type of injury is defects 
(Fig. 3, c and b) of the most prominent parts of the convolutions, 
from 1 to 4 or 5 mm. deep and from 1 to 10 mm. in the greatest surface 
dimension, round, oval or irregular in outline, the base being granular. 



Fig. 2. — Anterior surface of a coronal segment from the left cerebral hemi- 
sphere about 5 cm. posterior to the frontal pole. At b and c are two bruises, 
1 cm. from the under surface of the brain, with intact brain tissue intervening. 

Thej" are both at the central end of a sulcus and near the junction of the 

gray and white matter. At o is a defect in the under surface filled by a bloo 

clot, and there was a sulcus in the center of the clot; the defect probably 

resulted from bleeding which occurred from a lesion similar to those at 
b and c. At d is a laceration of the brain with additional destruction by 
bleeding from torn blood vessels in the surrounding brain tissue. The accu 
mulation of blood in the leptomeninges and tearing from distention are illus 
trated at e. 


discolored a light brown to gray-black, and made up of numerous, 
small, semispherical depressions at the bottoms of which there afC 
frequently minute hemorrhages. The margins are slightly scallope , 
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sharply demarcated, the surrounding tissue for from 1 to 3 or 4 mm. 
discolored a light brown to gray. Still more extensive injuries, result- 
ing from hemorrhage, are defects (Figs. 2 o and 4 a) filled with clotted 
blood, from 5 to 15 mm. in diameter, the surrounding tissue intact or 
discolored a light brown to gray, or superficially absent, as in the 
second type described. 

In surfaces made by sectioning the brain in the usual way, at the 
regions of discoloration of the outside of the brain, hemorrhages are 
present, from 1 to 20 mm. in diameter, separated from the surface 
of the brain by a layer of gray matter from 1 to 2 or 3 mm. thick. Fre- 



Fig. 3. — Posterior surface of a coronal segment of the left cerebral hemi- 
sphere, 4 cm. posterior to the frontal pole. Multiple hemorrhages are present 
in the under surface at, or near, the junction of the gray and white matter. 
At a beginning extension of bleeding from a hemorrhage is seen. At b the 
blood has already reached the surface and produced here a round, black, slightly 
hone)’combed depression. At c, there is a saucer-shaped excavation, the sur- 
face honeycombed, mottled black and gray, the black spots representing the 
hemorrhages present in the gray matter. Smaller hemorrhages are seen with 
extension toward the surface in thin streaks, probably along perivascular sheaths. 


quently, hemorrhages are found at the junction of the gray and white 
matter without any gross changes of the surface of the brain opposite 
them (Figs. 1 c and 3 a). 

Surfaces through the bruises of the second type show small or 
large hemorrhages at, or near, the junction of the white and gray matter, 
immediately above the base of the defects. Occasionally, no hemor- 
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rhages are present here, and it may be assumed that the bleeding had 
carried with it all the brain tissue immediately peripheral to ‘the inner- 
most level of the hemorrhage (Figs. 3 c and 4 a). 

Surfaces through the larger bruises show defects from 1 to 2 cm. 
deep, filled with clotted blood, the margins of which are discolored, 
and in the surrounding brain tissue are multiple petechial hemorrhages 
or simply discoloration. In the latter instance,, if the clotted blood is 
removed, nothing more is seen than in the superficial contusions, as if 



Fig. 4. — Posterior surface of a coronal segment from the left cerebral hemi 
sphere near the anterior horn of the lateral ventricle. At a, in the surface, 
there is a round, black blood clot, 5 mm. in diameter, and about it for from 
5 to 7 mm. multiple smaller black regions. A sulcus extended into the brain 
here. There are also multiple small hemorrhages at, or near, the junction 
of the gray and white matter, many of which extend into the excavation, 
but not shown here, because they are seen on the external surface.^ At is 
a small hemorrhage beginning at the junction of the gray and white matter 
and extending to the surface. Other smaller, round and linear hemorriages 
in the gray matter are also present. 


a hemorrhage had occurred as indicated in Figure 1 a and h, and t ten 
broken through to the outside, leaving merely a cavity. In Figure 
2, 0 and d indicate two typical bruises of this type. 
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I believe that these three types of bruise are merely stages of one 
process. In many instances of fracture of the cranial bones, the force 
is not sufficient to lacerate the brain, but only sufficient to tear the 
small arteries in the cortex, chiefly at the junction of the gray and 
white matter. Bleeding then occurs, and, depending on the size of the 
vessel torn and of the rent, a small hemorrhage results, or bleeding 
continues and the blood infiltrates the gray matter, reaches the surface 
of the brain and breaks through into the leptomeninges. The explana- 
tion for the predilection of the region of the junction of the gray and 
white matter for the greatest injury may rest on anatomic features. 
Perhaps the thin meninges with the thin layer of fluid in them serve 
as a cushion for the surface of the brain sufficient to prevent injury 
to the outside, while the force as it is transmitted through the brain 
from a medium of lesser density (gray matter) to one of greater 
density (white matter) or vice versa, produces the greatest commotion 
at, or near, the junction. 

Lacerations of the leptomeninges are another type of lesion which 
may depend on hemorrhage instead of on injury at the time of fracture 
of the cranial bones. In some instances, when these are present, the 
injury to the brain is only moderate as in Figure 2 e; but usually, there 
is a thick layer of blood in the leptomeninges. These lacerations of 
the leptomeninges are usually of the base. Perhaps the tensile strength 
of the thin meninges is less than the strength of the fibrous bands 
holding the membranes to the surface of the brain, so that when bleeding 
occurs from bruises of the brain, the blood, instead of spreading in 
the leptomeninges, ruptures them and runs into the intra-arachnoid 
space (subdural). This receives some support from the frequency 
of lacerations of the base and of the sides near the base where the 
leptomeninges are tightly adherent to the surface, and their infre- 
quency at the top of the brain where they are less adherent and spread 
of blood in them occurs more readily. 

The question may be asked why the bleeding from torn vessels 
at, or near, the junction of the gray and white matter is toward the 
outside of the brain instead of into the white matter. Again it may 
be stated, that bleeding follows the lines of least resistance. The cortex 
is softer than the white matter, owing to the preponderance of cellular 
tissue, so that the blood more easily spreads through this layer than 
through the white matter. 

Another characteristic of brain bruises worthy of mention is that 
frequently in brains of people who die shortly after injury the bruises 
are superficial ; whereas if life continues for one or two days, or more, 
larger bruises are found. This may be due to bleeding persisting for one 
or two days after the injury before it ceases, in this way giving the 
bruises a chance to enlarge. 



450 


ARCHIVES OF SURGERY 


CONCLUSIONS 

1. Aside from the severe lacerations of the brain that occur at the 
time of injury, most bruises of the brain result from bleeding due to 
rupture of the pial arteries at, or near, the junction of the white and 
gray matter. 

2. The leptomeninges with the cerebrospinal fluid in them protect 
the surface of the brain from injury in many instances, and the force 
is expended at, or near, the junction of the white and gray matter 
because of difference in density of these tissues. 

3. Traumatic leptomeningeal hemorrhage is most frequent at the 
top of the brain because the thin meninges are less firmly adherent 
to the brain, and the spaces between the visceral layer of the arachnoid 
and pia are larger than at the base of the brain. 

4. Lacerations of the leptomeninges of the base of the brain are 
caused both by trauma at the time of fracture of the cranial bones 
and by subsequent bleeding into them from cerebral injuries. 



the BLAoriJ'^’^-^TMEKT 

PROS?" "^^CIHOAh 

COaghea„" OT; surgery BY A 

"« "Y»S'S W“S“- 

.r'- 

^‘^'"^o-Urinarv of Afed/c/ne . 

, , «r” ■“ "" " 

,,, 

"'^■Perierce^'/”" ' 0^ (G £ p 

^arly of ^""0 years ”3 J9J4 

«mova;, apnj/eaJ T™Mdure, co„,''.'™.. «Mt a sima “=?u. 

actuai/j, employe^T ^adfum cystotomy Per- 

r"’ «.-cinoma »«’=r-- fn a ■i"'' ™""tgea^a' "'"“^rauterv 

"'.'..r ev„! ' Wadder ^0 in,l,e!™/"T cross-fi,e „,f 

T-c«cf:r::fe "■>' -.cro7*^ ^ 

- =.e„e«;’ do er„7"'" S'-e C?, “'' 

;:7-™ca„.oa; 77:^7 *-'rs7?'r 

o7r ”^'7. '7» Sr;r 

.“.out r «".o« S7"'’"«. “"forCe P^^'se 

types ot"'*’'.' *Cd"r '■TPtecia.e f„„ , “ 

“f care, -no ““'d ‘e reserved f„ ">« tte tre„ 

s.o„7;- -tae ,, 3^^,, "-’"e/ortre 

.• Wahta «edS, °;.s7 V ». ...o Se . ’" = 

s,.|‘f ”7! 7'r“"r?-™S 

^ynec. S: nu ' ^^<^bnic of n ^'’ * rtt ^"^2'en Thenn • 

“’tt- 2 ».HJ.,so' ?P'ta„Vc rrea.^"'- fDe"; '" "■' 

T uiDors, 



452 


ARCHIVES OF SURGERY 


previous paper, namely, those commonly regarded as inoperable, 
in which the growth is so extensive as to preclude the advisability 
of resection of the bladder, with or without transplantation of the ureter 
or in which the vesical orifice has become involved to the extent that 
nothing short of total cystectomy, a procedure seldom applicable, would 
suffice to remove all the obviously diseased tissue, or in which the gen- 
eral condition of the patient will not warrant too radical or 
prolonged surgical intervention. Under- no circumstances should this 
method of treatment be applied to those cases of carcinoma of such a 
nature and so situated that resection is possible, with or without ureteral 
reimplantation or transplantation, either extraperitoneally or trans- 
peritoneally ; nor should it be employed on those surgical derelicts, who 
through personal neglect or ignorance and unscrupulous advice or 
procrastination, have reached the stage in the progress of. disease when 
any aid, other than possible cystostomy for urinary deviation, avails 
naught. Relative to malignant disease of the prostate, the same general 
thought pertains ; namely, radical surgical extracapsular perineal pros- 
tatectomy, if possible; otherwise, if the disease is not too extensive and 
no metastases have occurred, the therapeutic procedures here detailed 
and applied suprapubically, by cystotomy, after an interval of from 
two to four weeks, or after perineal exposure of the gland. The 
methods promise results far better than have been obtained in the 
past by other lines of treatment. 

Realizing, first, the number of cases of vesical carcinoma not 
amenable to' the formidable operation of partial cystectomy ; secondly, 
the high hospital death-rate following total cystectomy associated with 
bilateral nephrotomy or ureteral transplantation, thirdly, the miserable 
existence accorded patients by a mere cystostomy for drainage, 
fourthly, the unsatisfactory results following either electrocoagulation 
or radium or roentgen ray separately, and, fifthly, the hopeless- 
ness of doing nothing at all, surgically, we have been prompted to 
combine four of the most effective therapeutic measures to combat 
malignant disease of this type. 

TECHNIC 

Attention to the preliminary preparation of the patient and his 
credentials for qualification for these operative procedures, so far as 
organic disease, especially kidney damage, is concerned, is just as 
obligatory as in cystotomy for any indication, notably prostatectomy. 
However, neither the operative shock nor mortality seems to be so grea 
as in resection of the bladder or prostatectomy. Therefore, in view o^ 
the unpardonable sin of procrastination in malignancy, cystotomy, e\en 
under local anesthesia, to effect better drainage and more spec y 
decompression of the kidneys than can be obtained by the ca i 



THOMAS-PFAHLER— CARCINOMA OF BLADDER 


453 


a deinciirc, may be required as. a- preliminary step, although it is 
eminently desirable, if at all possible, to complete the entire procedure, 
electrocoagulation and radium implantation, at one time under general, 
or, rarely, spinal anesthesia. 

The patient is placed in the recumbent position prepared for the 
Trendelenburg, if desired later, with thighs abducted, knees partially 
flexed, feet together and strapped in position (Fig. 1). The bladder is 
irrigated and filled by means of a catheter with from 10 to 12 ounces of 
a solution of silver nitrate 1 ; 6,000. A clamp is applied to the catheter 
distal to the glans penis, and a tourniquet is placed around the body of 



Fig. 1. — Position of patient for suprapubic cystotomy, with a sterile towel 
covering the genitalia, and at the same time permitting easy access to, and 
release of the catheter clamp, tourniquet to penis and removal of catheter 
after bladder is exposed and grasped. 


the penis to prevent escape of the solution from the bladder. This 
position of the lower extremities, described by Peterkin, with the 
external genitalia draped with a sterile towel, readily permits the 
release of the catheter clamp, the escape of the solution in the bladder 
and the removal of the catheter, without the slightest disturbance of 
the patient’s position, after the bladder has been exposed and fixed, 
just prior to incision. Also the position is desirable in the event of 
the introduction of a finger into the rectum to elevate the trigon or 
prostate. 
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After the usual iodin preparation of the skin, a vertical median 
incision is made and the bladder opened well up on the anterior wall 
(Fig. 2), after permitting the escape through the catheter of the silver 
nitrate solution from the bladder. The freshly cut edges of the wound 
are protected by sterile towels, and the carcinomatous mass in the 
bladder is exposed, using special retractors (individual are superior to 





Fiff. 2.— Edges of incision through skin, fat, fascia and 
by sterile pads ; bladder grasped by Allis’ forceps and incised as high P 

fundus as possible. 


elf retaining) (Fig- 3), and the process of placed 

\ large pad electrode (Fig. 4, A), measuring 6 by 8 inches s 
mder the buttocks of the patient, and in direct contact with th 
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The wire connected with this electrode must be firmly attached so that 
it cannot separate and make a ground with the operating table. Other- 
wise the current is likely to leak out to the table at some point of 
contact and produce a burn of the tissues in some healthy part of the 
body. The wire connecting this electrode should further be covered by 
rubber tubing (Fig. 4, C), so that there is no opportunity during the 



Fig. 3. — Bladder retracted, displaying carcinoma in process of destruction 
by electrocoagulation. The degree of heat generated in the bed of the tumor 
is very great and persists after treatment for a few minutes ; it cannot be 
tolerated by the gloved palpating finger even for a few seconds, and doubtless 
is much more penetrating and effective than the electrocautery. 
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operation for the current to leap from the wire to the table. This wire, 
attached to the indilferent electrode or pad, is then attached to one 
side of the d’Arsonval instrument. The other pole of the d’Arsonval 
IS attached to the active electrode (Fig. 4, B). It must be borne in mind 
that the d’Arsonval current is an oscillating current, and, therefore, 
when we speak of the poles, it must not be thought that either one of 
these is positive or negative, for they are alternately positive and nega- 
tive, and the alternations or oscillations occur from 100,000 to a million 



Fig. 4 . — Aj the pad which is placed under the buttocks of the patient, and 
the permanently attached rubber covered wire; B, active electrode used for 
destruction of the growth; C, type of Pfahler’s rubber covered wires for 
carrying the d’Arsonval current. Two such wires are used. 

times per second. One wire being attached to the large pad under the 
patient gives no local effect on the tissues in that region ; but because of 
the great concentration of the current at the pointed or bulbous elec- 
trode which is introduced into the bladder, there is rapid destruction or 
coagulation of the tissues to which it is applied. Because of the danger 
of a sharply pointed electrode penetrating the tumor mass and starting 
bleeding, one of us (G. E. P.) has developed a bulbous electrode (Fig. 
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of the bladder is then sponged. as dry as possible, and the radium 
needles are implanted. The needles which we now use contain 10 milli- 
grams of radium element each (Fig. 5). They are 27.5 mm. in 
length, 1.73 mm. in external diameter, the wall thickness of the metal 
being 0.4 mm. Each needle is attached to a waxed silk thread, and for 
this purpose we now make use of. the dental floss prepared by Dunham- 
Reifel Company (as originally suggested to one of us [G. E. P.] by 
Dr. Russell H. Boggs). This is sterilized as it is prepared. It is again 
sterilized in chemical solutions before being used. The radium needles 
and the threads can be sterilized either by means of pure phenol fol- 



Fig. 6. — A, radium needle holder with arrangement for straight insertion 
at one end and insertion at right angles at the other; B, leaded jaw forceps 
for grasping and inserting radium needles; C, special grooved hemostatic for- 
ceps for forcing the needles to a deeper point; D, longer forceps for the same 
purpose, and E, needle holder for inserting needles at an angle of 45 degrees. 

lowed by an immersion in alcohol, or in 10 per cent, liquor formaldehydi 
or in 95 per cent, alcohol. These needles are introduced by carriers 
(Fig. 6) into the base of the tumor, approximately from 1 to 2 cm. 
apart, and left in place from eight to eighteen hours, depending on the 
probable degree of malignancy and the extent of the disease (Fig. )■ 
The smaller the area of disease and the closer the needles, the shorter 
the period of time the needles are allowed to remain. From six to 
fifteen needles are used depending upon the size of the base o tie 
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tumor. Up to the present time we have observed no vesicorectal fistula, 
and we have not observed any necrosis of normal tissue as a result of 
the introduction of the needles. Electrocoagulation is, of course, fol- 
lowed by sloughing of the destroyed tissue and this process will require 
approximately three or four weeks. The sloughing tissues are macer- 



Fig. 7. — Disposition and arrangement of radium needles in the bed of the 
electrocoagulated area, following destruction and removal of the tumor. 


ated by and carried out with the urine, either through suprapubic 
drainage or through the urethra. 

A large sized, properly fenestrated rubber drainage tube, 2 to 21/2 
cm. in diameter, is introduced into the bladder, care being exercised not 
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to allow the end to impinge on the vesical trigon (Fig. 8), and retained 
at the upper angle of the bladder incision by closure of the wound 
below with continuous chromic gut suture (Fig. 9). The strand of 
threads attached to the radium needles is either passed out through the 
drainage tube or along the inferior aspect of the tube externally. A 
small fenestrated rubber tube passing into Retzius* space, for peri- 
vesical drainage, in case of bladder leakage, is secured to the lower 
angle of the skin incision. The large tube is then rotated downward and 



Fig. 8. — Sagittal section showing position of radium needles and con- 
duction of their silk thread guides through properly placed drainage tube. 

secured by suture of silkworm gut to the skin on either side of the 
incision just above the small prevesical drain (Fig. 10). The recti 
muscles are drawn together by one or two sutures of plain gut, and the 
fascia closed to the level of the tubes by a continuous suture 
of chromic gut. The skin is closed by interrupted sutures of silkworm 
gut and the radium needle threads secured for the time desired, i 
passed through the lumen of the drainage tube, by an L-shaped glass 
drain connector (Fig. 11). At the end of the first week after operation, 
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the drainage tube and all sutures are removed, and a special supra- 
pubic drainage ambulatory apparatus is fitted to the patient (Fig. 12). 
This device, as a rule, suffices to keep him dry, either in bed or put, 
and thereby saves much gauze and cotton otherwise necessary for 
the absorption of urinary leakage. 

Should the carcinoma be one involving the prostate gland, treatment, 
as a rule, should be applied both suprapubically and perineally. The 



Fig. 9. — Closure of bladder showing proper placement of vesical and perineal 
drainage tubes. The radium needle threads may be conducted from the bladder 
either through the large vesical drainage tube or beside it above the con- 
tinuous suture. 

character of the carcinomatous growth, tending either to infiltrate or 
project into the bladder, or to be confined mainly to the posterior and 
lateral lobes of the prostate, will determine whether the primary attack 
should be made above or below. This decision will be aided materially 
by the findings of rectal palpation and cystoscopy. 
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The suprapubic technic differs in no essential from that employed 
when the carcinoma is confined to the bladdei, excepting that when 
there is little protrusion of the growth into the bladder, destruction of 
the mass by electrocoagulation will not be necessary and the radium 
needles can be inserted immediately into the growth about a centimeter 
equidistant, as pointed out by Herbst ® (Figs. 13 and 14), or as 
described above. 



Fig. 10. — Bladder has been rotated downward by drainage tube, subse- 
quently to be fixed by suture at lower angle through both sides of skin incision. 
Apposition of recti muscles by one or more interrupted sutures, also closure 
of fascia above tube, may be noted. 


The perineal exposure of the prostate is best effected in the manner 
employed for prostatectomy, with the patient placed on the Halstead 
perineal board attached to any operating table (Fig. 15). The car- 

3. Herbst, R. H. : Cancer of the Prostate; Combined Surgical and Radium 
Method of Treatment, J. A. M. A. 72:1610 (May 3) 1919. 
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cinomatous gland is approached by the usual dissection and when 
exposed may be presented advantageously by two heavy traction sutures 
introduced in the tissues of the basal angles (Fig. 16), or by the 
insertion of the prostatic tractor (Fig. 17). In many cases, no traction 
will be required for sufficient exposure of the gland for the intro- 
duction of the radium needles. Just as in the case of the bladder, these 



Fig. 11. — Suture of skin showing proper position of drainage tubes and 
disposition of threads attached to radium needles ; showing manner in which 
threads are secured by glass drain connector if brought out through rubber tube. 


needles are inserted about a centimeter apart, care being taken to avoid 
the urethra, at the same time assuring complete radiation of the 
posterior lobe, that part of the gland most commonly primarily involved 
and lying directly posterior to the urethra. The strand of threads 
attached to the needles is brought out one of the angles of the skin 
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incision, either alone or in conjunction with a drainage tube passed 
through the prostatic urethra into the bladder, in case the urethra has 
been opened (Fig. 18). The perineal drainage of the bladder, or by 
catheter thiough the urethra, may be necessary for a few days to 
obviate urinary obstruction in the prostatic urethra due to swelling of 
the prostate, incident to the action and reaction of radium. 



Fig. 12. — Suprapubic drainage apparatus fitted to patient on removal of 
intravesical rubber tube drain; b, detachable metal tip removed in a day or 
two, for the temporary attachment of decreasing sizes of rubber drainage 
tubes; c, opening for escape of urinary overflow into cup. 

Intensive roentgen-ray cross-fire may be of advantage and should 
precede operative intervention, thereby destroying outlying carcino- 
matous foci in the lymphatics, limiting the spread of the disease tem- 
porarily and probably preventing certain metastases that might other- 
wise occur. In any event, whether employed before operation or not, 
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as soon after surgical intervention as the condition of the patient will 
permit, electrocoagulation, radium implantation and roentgen-ray treat- 
ment as here described should be instituted. 

Anteoperative roentgen-ray treatment in all forms of malignant 
diseases is probably more important than postoperative treatment. It has 
been recommended for a considerable time by one of us (G. E. P.). (It 



Fig. 13. — Arrangement of radium needles in vesical projection of car- 
cinomatous prostate. 


is especially important in treatment of malignant disease of the bladder 
because of the great likelihood of metastases having developed before 
the patient comes under active treatment.) This anteoperative roentgen- 
ray treatment will consume a period of about two weeks. It is not 
intended that it should be used with the idea of circumventing operation, 



Fig. 14. — Sagittal section showing disposition of needles in prostate. 



pjg_ 15. — Position of patient on Halstead board and incision 
perineal exposure of prostate. 


employed 


for 
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or with the idea of waiting to see results, but entirely with 
the object of devitalizing carcinomatous tissue so that there 
is less likelihood of transplantation or recurrence following 
operation. .This roentgen-ray treatment should cover the entire 
pelvic area and extend as far up along the line of lymphatics 
as is probable that the. disease has .traveled. The plan of treat- 
ment will be modified somewhat according to the amount of disease 
and its duration in each individual case; but in a general way, the 
anteoperative treatment in the average case will consist in dividing the 
area between the umbilicus and symphysis pubis into two areas by a 



Fig. 16. — Exposure of carcinomatous prostate gland facilitated by traction 
sutures of heavy silk. 


vertical line. The outer border of each area is marked by a line extend- 
ing vertically through the anterior superior iliac spine. Posteriorly, it is 
best to divide the pelvic area into two regions by a line extending 
through the middle of the sacrum. The rays are then directed through 
the anterior fields so that in their distribution they will cover the prox- 
imal and the opposite side of the deep portion of the pelvis. Posteriorly, 
the rays are directed through the great sacrosciatic notch so that they 
will cross at about the center of the pelvis. Through each of these areas 
all the rays that the skin will tolerate must be given. In other 
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words, a full skin dose, which is just short of an erythema dose, should 
be given through each of these areas. For this purpose, one must use 
the technic and the amount of treatment which has been found to 
produce a skin dose with the particular instrument in use. For this 
purpose, we use with our instruments 6 mm. of filter, at a focal skin 
distance of 30 cm., from 25 to 30 minutes exposure with a 9 inch 
parallel spark gap, and 5 milliamperes of current. As postoperative 
treatment, at least two such full doses- should be given through each 
area, beginning about two weeks after the radium application, and 
repeated again about three or four weeks later. 



Fig. 17.— Display of gland, aided by prostatic tractor; radium needles 
inserted into carcinomatous tissue, avoiding urethra. 


RESULTS OF TREATMENT 

Employing this combination, or quartet, of therapeutic measures, 
twenty-six patients have been treated. It is true that originally, in ^ a 
few cases, our methods, with the present technic, were comparatively 
crude in some respects. Until three years ago, when the small needles 
came into use, we were obliged to plant the radium en masse into t 
growth or its bed ; also, the electrocoagulation of the growth was not 
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CLINICAL OBSERVATIONS 

A summary of prewar cases of gas gangrene has shown that this 
type of infection occurs far more often with compound fractures 
than with any other type or condition of wound, and that the 
occurrence of gas gangrene in civil life is extremely uncommon, 
only 175 cases having been reported up to 1915. Data on this sub- 
ject since the war show that the percentage of gas gangrene cases 
in war wounds was moderate, ranging in different localities from 
1 to 3.5 per cent. 

In the 175 cases collected from the literature up to 1915 by Simonds,^ 
the relative number of several types of wounds was as follows : com- 
pound fractures, 61 ; lacerated wounds, 28 ; operation wounds, 11 ; 
gunshot wounds, 10, and hypodermic needle puncture, 9. Thus nearly 
as many cases of gas gangrene developed in hypodermic needle punc- 
tures and slightly more in operation wounds than in gunshot wounds. 
Gas gangrene was twice as frequent in lacerated wounds and six 
times more frequent in compound fracture cases than in gunshot 
wounds. This refutes the impression gained from war reports that 
gas gangrene was peculiarly incidental to gunshot wounds. Further- 
more, the relatively high frequency of gas gangrene in compound frac- 
ture wounds as compared to some other types of wounds, which are 
equally liable to contamination by foreign substances, argues for a 
different accessory agent to the growth of gas gangrene organisms 
than is supplied by the nidus theory. 

From the Department of Surgery and the George Williams Hooper Foun 
dation for Medical Research, University of California Medical School. 

1. Simonds, J. P. : Studies in B. Welchii with Special Reference to Oassi- 
fication and Its Relation to Diarrhoea, Rockefeller Institute for Me ica 
Research, Monograph S, 1915. 
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In the experiments of Bullock and Cramer,^ particles of wood, 
cloth, paper and other foreign substances, after being soaked in a 
suspension of B. •welchii, were introduced beneath the skin of mice 
with negative results. B. zvelchii was also introduced into hematomas 
with negative results. Bullock and Cramer found, however, that 
the presence of certain calcium salts aids in the production of gas 
gangrene. Doses of 2% mg. of calcium chlorid injected with a 
suspension of B. welchii or of Vibrion septiqne never failed to produce 
gas gangrene in the experimental animals. Calcium nitrate and cal- 
cium acetate have the same efiect. The conclusion of Bullock and 
Cramer was that calcium salts produce at the site of injection a 
local change in the tissues which lessens their defensive mechanism. 
Therefore, does it not seem probable that calcium salts, liberated by 
the disintegration of devitalized bone substance in compound frac- 
tures, may supply, to a large extent, the factor that lessens the resist- 
ance of the tissues to gas gangrene anaerobes? 

Whether a fracture is compounded from within outward by a 
bone fragment or from without inward by a foreign body, there is 
in either case ample opportunity for bacterial invasion. But in com- 
pound fractures, not only the severe traumatization of the bone 
substance itself, but the usual traumatizing effect of the bone frag- 
ments on soft tissue cause far greater devitalization than would result 
in a corresponding injury to soft tissue without fracture. The increased 
devitalization burdens both the injured and adjacent tissues with a 
greater metabolism complex and no doubt a lowered cell resistance. 
This increased devitalization, which includes both bone and soft tissue, 
is probably an important accessory cause for the increased susceptibility 
of compound fracture over other wounds for the development of gas 
gangrene. 

REPORT OF CASE 

History. — M, R., aged 8 years, schoolgirl, American, entered the surgical 
clinic of the University of California Medical School, Oct. 2, 1919. On the 
evening of October 1, the patient fell from a bench, 4 feet above the ground, 
injuring her arm. The ground was covered with drj' grass and showed noth- 
ing to suggest any particular contamination. The child’s home was close by, 
and next to a barnyard. There were several goats in the vicinity. 

Immediately after the accident, the child, with the injured arm wrapped in 
a towel, was taken to an emergency hospital, where at 8 p. m., the fracture 
was reduced and the arm was splinted. 

E.vamUialiott . — ^When the patient entered the surgical clinic the next morn- 
ing, the entire forearm was moderately swollen, but not more so than would 
be expected from a fracture of both the ulna and the radius. Over the middle 
third of the ulna on the volar surface was an open wound, 1.5 cm. in length. 


2. Bullock, W. E., and Cramer. W. : On a New Factor in the Mechanism 
of Bacterial Infection, Proc. Royal Soc., Series B 90:513, 1919. 



472 


ARCHIVES OF SURGERY 


Inquirj^ elicited the fact that before reduction at the tmergenc}' hospital, the 
lower fragment of the ulna was protruding through the wound. At the time 
of examination at the surgical clinic, fourteen hours after injury, no symp- 
toms nor signs of gas gangrene were noted. But the following morning, 
October 3, when the child returned to the clinic, the forearm was gangrenous, 
with circulation stopped just below the elbow. The entire arm was greatly 
distended, and edema had extended into the shoulder muscles. From gangrenous 
blebs on the wrist, when punctured, oozed a bloody serum and bubbles of gas. 
Gas bubbles also issued from the wound. 

Operation and Result . — The arm was amputated, guillotine method, just below 
the level of the insertion of the deltoid muscle. The amputation was well above 
the lowest line of the circulation. Smears made at this time from the wound 
in the forearm showed the presence of B. welchii. No tetanus organisms were 
found; but 1,500 units of tetanus antitoxin was administered subcutaneously. 

On the morning following the operation, 20 c.c. of B. roelchii antitoxin, 
which was the only available antiserum related to gas gangrene, was given 
intravenously. We were able, fortunately, to obtain B. rvelchii antitoxin through 
the courtesy of Dr. K. F. Meyer of the Hooper Foundation. On the second 
day following the operation, 15 c.c. of this antitoxin was given subcutaneously, 
about 50 antitoxin units in all. The child was apparently very toxic. A marked 
tachycardia developed, together with restlessness, delirium, stupor and cyanosis. 
The wound was treated with surgical solution of chlorinated soda (Carrel- 
Dakin solution). It was dark in color, with patches of crusts covering sloughs. 
The patient remained in restless delirium until the eighth day after opera- 
tion; the pulse rate increased to 160, and the temperature to 39.2 C., rectally. 
There was a blowing systolic murmur heard over the precordium; the liver 
edge was 3 cm. below the costal margin; but the splenic margin was not 
palpable. There were also, on the eighth day, definite signs of serum sick- 
ness with edema of the eyelids and lips and herpes on the lips. There was 
also vomiting and diarrhea. The wound had not begun to granulate but was 
still the color of old meat. The Carrel-Dakin solution was discontinued, and 
a mild solution consisting of salt solution and hydrogen peroxid was substituted. 

On the following day, the ninth day after operation, the pulse rate began 
to drop ; the child became rational ; the sloughs began to disappear, and the 
child advanced steadily to complete recovery. She was dismissed from the hos- 
pital on the twentieth day after operation. 


PATHOLOGIC ANATOMIC NOTES 

The examination of the arm amputated was undertaken three hours 
after the operation. The odor of the arm was strong, rank and 
penetrating, but not putrid. It resembled that of butyric acid; but 
there was also a rank, peculiar odor similar to that of blackleg muse e 
in cattle. The arm was rigid as it had been before amputation. The 
tissues were about as resistant to pressure as a very hard rub er 
ball, the moist skin of the forearm showing considerable stretching an 
tension. On the wrist and on the palm of the hand were several long 
bullae filled with a serous colorless liquid. The hand and fingers u ere 
very edematous and had a white transparent appearance. Crep 
was present in the hand, wrist and forearm. On the flexor sur , 
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containing a clot. The fascia of this area and the muscles below it 
were blackish red and contained gas. Aside from the gas and color 
changes, the muscles appeared normal. Nowhere in the forearm was 
there any pus or exudate. The muscles of the upper arm were but little 
affected. The fat-containing fascia of this region was, however, 
markedly gelatinous and contained no gas. The edematous fascia 
retained its consistency long after section, only a little blood-stained 
exudate leaking forth. 

■ Twenty-four hours later the arm had lost its rigidity almost entirely, 
though it had been kept on the ice in the meantime. It is not unlikely 
that this rapid loss of rigidity was partly due to the escape of the 
gas and partly to the effect of the bacterial action on the tissues. The 
muscles were distinctly flabby but not putrid. The connective tissue 
of the upper arm had lost its gelatinous consistency. A week later, 
it was found that the area of blackish discoloration was spreading 
toward the line of amputation, especially near the bone. The arm 
kept for some time in the refrigerator developed no signs of normal 
decomposition and the odor remained as before. 

MICROSCOPIC AND CULTURAL FINDINGS 

At the site of the small perforating wound over the fracture of the 
ulna were found thick, short, gram-positive, square-ended rods, and 
in a minority somewhat longer and more slender round-ended rods, 
not to be easily distinguished from the shorter ones when stained with 
a thick gentian violet gram stain. A meat medium culture from this 
region gave an extremely vigorous growth of typical B. welchii. In 
this culture, contaminations were noticeable only after the elimination 
of B. zuelchii by heat. 

A smear from the muscles of the wrist, the region where there 
was most gas, showed both types of organisms, the heavy rod and 
the slender rod. A culture gave predominantly B. zvelchii. When 
this organism was killed, various others were found to be present. 

Smears from the palm of the hand showed a clear staining gram- 
negative rod with rounded ends, and occasional terminal oval spore- 
bearers. (The thin methyl violet gram stain ® of the home laboratory 
was used for this and all the following stains.) A culture on meat 
medium gave, in twenty hours, gas and a gram-negative rod. This 
organism produced only a faint pink coloration of the meat particles. 
The culture seemed to die on exposure to the air, as subcultures showed 
onl}" a small saproph)i;e that produced no gas. There was no hint of 
the presence of B. zvelchii. 

3. Heller, H. H. : The Etiology of Acute Gangrenous Infections of .Animals, 
J. Infec. Dis. 27:385 (Nov.) 1920. 
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Smears from the site of the fracture of the ulna and the muscles 
above it gave little or no indication of the presence of B. welchii. They 
showed everywhere gram-negative rods, single and in pairs. These 
were most abundant at the site of the fracture and in the deep red 
hemorrhagic muscle. The organisms in the muscles in general were 
vegetative only; those at the site of the fracture were sporulating. 
The spores -were large, oval, usually terminal, with thin walls. They 
are best described as racket shaped. No bilaterally asymmetrically 
placed spores were seen. Some bacilli from this region were irregular 
in their staining, reminding one of the granulose forms of Vibrion 
septiqiie. The edematous fascia of the upper arm contained a very 
few organisms, some of them sporulating. These were found close to 
the line of amputation. Cultures taken above the fracture of the ulna 
gave no Welch bacilli whatever. They contained an organism making 
a large woolly colony of loose structure with a halo of hairlike radia- 
tions. This organism was, so far as it is possible to state, the sporulat- 
ing one seen on the smears. It proved to be a variety of Vibrion 
septique. A remarkable feature was its greater size in human tissue 
than in guinea-pig tissue. The eye trained to seeing anaerobes in 
guinea-pig tissue would find the large racket shaped rods in human 
tissue more like those of B. oedematiens than like Vibrion septique. 
A guinea-pig inoculated in the thigh with 0.5 c.c. of a twenty-four 
hour culture died in sixteen hours and showed moderate hemorrhagic 
infiltration of the muscles, little edema, a little gas in the inguinal 
region, marked injection of the peritoneum, injection of the intestines 
and of the suprarenals, enlargement of the suprarenals and an invasion 
of the lungs as shown by congestion and hyperemia. Such lung 
invasion is rather unusual in the case of Vibrion septique strains and 
is apparently constant in the case of this strain in the guinea-pig 
body. The lung and liver and peritoneum showed Jong gram-positive 
filaments, which are A^ery reluctant to form spores even after forty- 
eight hours at room temperature ; the muscle at the site of inoculation 
showed forms in all stages of development from purely vegetative, 
through granulose, SAvoIlen forms to sporulating forms. This organism 
Avas found also in the Avrist and AA^as apparently present in the hand, 
though cultures failed to shoAv its presence.^ 

4. The technic used in the isolation of these strains Avas simple. Dilution 
shakes AA^ere made in deep peptone Iwer agar of samples from A''arious portions 
of the arm. Peptone liver agar is an excellent medium because an exceeding y 
wide range of anaerobes Avill grcAAi^ on it. These shakes were searched care u } 
and persistently for unusual colony types, and such, AA'hen found, AA'ere iso a e 
on liA^er agar and then planted into meat. From the meat, all different t 3 pesA\ere 
inoculated into the thigh muscles of guinea-pigs. Details as to the operatio 
of mj' isolation technic Avill be found under the title “Principles Concerning t 
Isolation of Anaerobes,” J. Bacteriol. 5:445 (Sept.) 1921. 
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No aerobes were found in the material at any point. 

On the ninth day after the fracture occurred, exudate from the 
stump contained leukocytes and was microscopically sterile j but smears 
from the necrotic areas showed gram-positive sporulating rods resem- 
bling Vibrion septique, a gram-negative rod, and a few large cocci. 
Culture showed the presence of Vibrion septique ' and a proteolytic 
organism. 

Much emphasis was laid during the war on the part played by the 
heavily fertilized soil of France in the causation of gas gangrene. As 
we here had to do with a much less severe wound than many of those 
encountered during the war, one containing no earth or other foreign 
material, and as we found so many species of anaerobes in the wound, 
an effort was made to investigate the conditions surrounding the 
accident. 

The child had fallen from a high bench, near a street in a suburb 
of San Francisco, onto dry sandy earth covered with dry grass. Goats 
were pastured in the neighborhood and had perhaps often crossed the 
place where the accident occurred; but no manure was demonstrable 
in the close vicinity. The ground had probably not been cultivated for 
years. One would not think of it as a particularly dirty spot. Two 
samples of grass and two of earth were taken to the laboratory and 
were inoculated into meat medium. All gave a mixture of anaerobes on 
cultivation. These included heavy gram-positive, short, square-ended 
rods. All four cultures when inoculated onto milk gave prompt and 
decided stormy fermentation, which was caused by the short, gram- 
positive rods, establishing the identity of B. welchii. This organism 
in the meat cultures was killed out by heat, and the resulting meat 
cultures when twenty hours old were inoculated in 0.5 c.c. doses into the 
thighs of guinea-pigs. Tw^o of these animals developed a very marked 
edema, and one of them which had been injected with a culture from 
grass died in twenty-four hours, and on section, its tissues showed 
evidence of great proteolytic action. The other was killed after twenty- 
four hours. The thigh inoculated contained gas and was partially digested. 
The whole ventral surface to the axillae was covered with a plaque 
of white serogelatinous edema, a half inch in thickness. This edema 
was not putrid and contained no gas. These infections were both 
evidently mixed proteolytic and nonproteolytic ones. Vibrion sepftqw 
may be regarded as having been absent as it almost always causes 
death in the guinea-pig before the lapse of eighteen hours. Various 
unidentified anaerobes were cultivated from these guinea-pigs. 

It must be remembered that the physician who received the case 
stated that the arm was wrapped in a towel that was rather dirty, 
and that the family of the child lived near a barnyard. Neverthelesj^ 
we think that because of the findings in the grass and earth it may 
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stated that abundant anaerobes may exist on the surface of uncultivated 
poor sandy soil, and that numbers of these are capable of surviving and 
multiplying in lacerated muscle, and that some of them may penetrate 
healthy tissue in, proximity to such muscle, even when foreign matter 
such as soil is not present in the wound. 

COMMENT 

We have here to do with a mixed anaerobic infection which had 
as a focus lacerated muscle in the forearm. The organisms found are 


divisible into groups, as 

in the accompanying 

Groups of Org.anisms 

table : 

Flora Observed 

Proteolytic 

Nonproteolytic 

Invasive in man in tis- 
sue proximal to wound 

Reglillus progrediens 

Vibrion septique 

Bacillus S 

Invasive in guinea-pig, 
but not in man 


B. welchii 

Meyerillus sadowa 

Not invasive in guinea- 
pig or properties un- 
known 

Sporogenes type 

Small rod producing no 
gas 

Gram-negative rod pro- 
ducing little acid 
Bacillus S 


Although the opinion most widely held early in the period of the 
war was that gas gangrene was a monospecific invasion, caused usually 
by B. welchii, workers who have since made careful bacteriologic 
studies of their material have emphasized that gangrenous invasions 
following war wounds are usually polyspecific. The interested reader 
will find the fullest account of such investigations in Weinberg and 
Sequin’s ® book and in the report of the Medical Research Committee ’’ 
on anaerobic bacteria and infections. The cases of Weinberg and 
Seguin are the most carefully worked out and discussed. These authors 
describe more numerous and more highly polyspecific infections than 
do other workers This must, in all probability, be attributed to their 
technic. They use for isolation deep glucose agar shakes, wherein the 
flora is spread out like a map, and wherein relatively accurate estimates 
of the number of organisms of different sorts may be made. The 
British workers have employed surface methods almost entirely. These 
suffice admirably for B. welchii and for Vihrion scpiiquc, but sometimes 
fail to show the presence of other tA'pes. 

6. Weinberg. M.. and Sequin. P. : La Gangrene gazeuse. Paris, 1918. 

7. Report No. 39 of the Committee on Bacteria and Infections, Medical 
Research Committee, London, 1919. 
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The ecology of bacterial organisms entering a sterile territory of 
rich food supply which has partially but not entirely lost its defensive 
powers against them is a most interesting study ; and it is to be regretted 
that the exact distribution of these organisms was not more carefully 
mapped out in this case than it was. For purposes of an ecologic 
study, the arm investigated may be divided into various zones. 


Zone 1. The Immediate Foyer of the Wound— Into this, both aerobes and 
anaerobes were without doubt introduced. The condition of the tissue was 
anaerobic ; the strict aerobes never developed ; the facultatively anaerobic ones 
were probably all types to which the body had some resistance, and the defen- 
sive powers in the damaged tissue were sufficient to destroy them even in the 
presence of the rapidly developing toxins of the anaerobes. But several types 
of anaerobic organisms were apparently able to multiply unhindered in this 
damaged tissue, probably because they were types to which the body was 
unaccustomed, some of them, types which would probably not have been able 
to multiply in tissue so little damaged as was the muscle about the fractured 
bones, if they had not been defended by the toxins of their fellows. 

Zone 2. The Hand. — ^The portion distal to the fracture was probably afforded 
a meager circulation for a considerable period of time after the accident 
occurred. Invaders capable of traveling along the blood vessels and lymph 
channels did so and reached the hand. They were the organisms that died after 
their first cultivation, and the minute rod that produced no gas, perhaps also 
Vibrion scptiquc. These organisms caused the formation of a thick edema 
in the connective tissue and of a little gas in the region of the small muscles. 

Zone 3. The Wrist. — As swelling in the region of the fracture increased, the 
circulation in the distal segment decreased, and some of the active muscle 
feeders (B. zvelchii, Meyerillus sadowa and the sporogenes-like organism) 
traveled downward in the muscle, some of which was contused, multiplying 
extensively and attacking it so severely as to produce gas but no gross tissue 
destruction, and effectually shutting off the circulation from the entire distal 
portion of the arm. Organisms found within this region cannot be considered 
as strongly invasive in their nature, merely because of this invasion of damaged 
muscle. 


Zone 4. The Section Between the Fracture and the Elbow. — Here the contest 
between the tissues and the organisms was acute The blood supply was some- 
what subnormal; the tissues were somewhat contused. A reservoir of necrotic, 
toxin-breeding muscle lay distal to this section. Apparently, only three 
organisms succeeded in invading this zone, Vibrion scptique, the mysterious 
Bacillus S, that in the presence of the toxin of Vibrion septique was ab e 
to avail itself of the same means of distribution as that organism, and a 
edema-former with slight proteolytic powers (Reglillus progredicns). 

B. welchii was not represented in this zone may surprise some workers. 
of this type of organism vary in pathogenicity. This urns one of mo era ^ 
pathogenicity for the guinea-pig. The strain Meyerillus sadowa was u y 
pathogenic for the guinea-pigs as the Welch strain. 

Zone 5. The Upper Arm. — Here Vibrion septique and Bacdlus S multiplied 
with a fulminating rapiditj^ and availed themselves of the blood and y P 
channels for distribution. At the level of amputation, the blood vesse s 
tained numerous bacilli, and Vibrion septique, at least, had ima e 
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Ghon and Sachs have investigated anaerobic infections occurring 
in civil life and report various anaerobic invaders. 

Cases of anaerobic invasion exclusive of tetanus coming to 
necropsy in civil life may be classified into two groups. Qne group is 
that of patients weakened by sickness or operations who are invaded by 
their own intestinal bacteria. Such invasions, though they may be, and 
frequently are, polyspecific, usually have for their chief invader the 
Welch bacillus. This organism is a common human intestinal sapro- 
phyte. Occasionally, Welch bacillus infection follows the injection of 
drugs into the legs or buttocks. But systemic or local invasions follow- 
ing wound infections, under which head come puerperal infections, 
especially such invasions as have small foci, are frequently not caused by 
B. ■welchii, even though the latter organism may be found in the 
wound. The severity of the tissue destruction and the presence of 
foreign matter has 'much to do with the type of invader capable of 
multiplying in the first hours. The serious wounds caused by high 
explosives afiford far more chance for the growth of B. zmlchii and 
other muscle feeders than do such cases as the one herewith reported. 
Welch bacillus infection among animals (except, perhaps, among young, 
sheep) is apparently exceedingly rare, while Vibrion septique infection 
is common. Blackleg infection is found with some frequency among 
cattle and sheep and oedematiens group infection is noted occasionally 
among horses. The Medical Research Committee and Sacquepee “ 
have miminized the importance of the role of the W elch bacillus in war 
wounds. 

The preferred habitat of the anaerobic invaders is of interest. The 
notable muscle feeders are B. welchii and B. chauvoei. They may pro- 
liferate metastatically, the latter more frequently than the former. 
B. welchii infections may frequently be controlled by excision of 
infected muscle, while blackleg infections may not. Organisms of the 
Vibrion septique group may feed on muscle, and they frequently do so , 
but they show a preference for connective tissue and for serous 
linings, and they also show a remarkable facility for spreading 
along the lymph and blood channels. Their invasions are, therefore, 
not to be controlled by excision of individual muscles as are We c i 
infections. Many of the organisms of the oedematiens group fail to 
spread rapidly from the site of inoculation and act by means of 
that advance far before them. Some strains of B. novyi rnay 

10. Ghon, A., and Sachs, M.: Beitrag zur Kenntnis der 

des Menchen zur Aetiologie des Gasbrandes, Centralbl. f. Bakterio . 

35:665 ; 36:1,178, 1903. w W- B Per-’ 

11. Medical Research Committee, quoted by Caulfeild, A. • • • 

fringens: Toxin and Antitoxin Production, J. Inf. Dis. 27:151 (Aug.; 

12. Sacquepee, quoted by Caulfeild: Footnote 11, second re erence. 
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guinea-pigs without any invasion at all. Other types, such as the 
bacillus of Ghon and Mucha and the oedematiens strain “Joly” possess 
very active invasive powers. 

Therefore, it is evident that the prognosis bf a gangrenous infection 
in man or animal depends very much on the specific anaerobes that 
are present in that process. 

The value of persistence and careful observation should be empha- 
sized in the iirvestigation of mixed floras. The careful and scientific 
investigation of a gas gangrene case takes weeks, not hours. The 
bacteriologist who amiably complies with the clinician’s impetuous 
demand for a diagnosis will usually have to reverse the diagnosis or 
change it several times. The bacteriologist who contents himself with 
finding ‘in an invaded tissue Welch bacillus or Vihrion scptiqne and 
who wakes no effort to look farther adds nothing to the sum of human 
knowledge. There are plenty of pathogenic anaerobes still undiscovered. 
True, it is rare that unusual types invade alone; but unusual pathogens 
are worth isolating, studying and describing. 

For the bacteriologist who is besieged by the clinician, anxious for 
the life of his patient, the following suggestions may be made. The 
generous administration to the patient of mixed Welch-vibrion 
septique-oedematiens serum should be suggested. Smears should be 
made and cultures taken from affected tissue remote from the wound. 
Guinea-pigs should be inoculated with fluid drawn aseptically from 
such tissue. If specific anaerobe antiserums of the three important 
types are available, three guinea-pigs should be protected, each with 
two serums ip different groupings and all three of them should be 
inoculated in the thigh with tissue fluid, not with wound exudate, from 
the patient. In from twelve to eighteen hours, an answer of some 
value concerning the presence or absence of some one or two of the 
three important types may be formulated. This procedure is recom- 
mended by the British Medical Research Committee. 

SUMMARY 

The case herewith reported emphasizes the importance of bac- 
teriologic examination early in compound fractures, even in civil life, 
by one especially skilled in anaerobic work. It shows also that all 
cases of compound fracture should be under observation in a hospital 
for at least the first two days after injury. 

This case of gas gangrene, which was due to an infected compound 
fracture of the forearm, was diagnosed before amputation as a Welch 
bacillus infection. 

Four anaerobic bacilli capable of rapid invasion in the guinea-pig 
body were isolated from the amputated arm. B. tvclchii had not invaded 
such tissue as was supplied with circulation. The principal invad'^r 
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was Vibrion septiquc, which nearly caused the death of the patient 
after the amputation. There were two anaerobic bacilli that are guinea- 
pig invaders which are apparently new. No cocci or aerobic rods were 
present in the wound or surrounding tissue. 

The area about the fracture had not been exposed to very dirty 
conditions, nor was a visible amount of foreign material introduced 
into the small wound made by the broken bone. There was, however, 
comminution of bone which may have had not only a mechanical but 
a chemical influence on the multiplication of the bacteria that were 
introduced into the neighborhood of the fracture. 

A careful study of the process of invasion by anaerobic organisms 
in gas gangrene cases, a labor well nigh impossible in most war labora- 
tories, is advisable when time and facilities for the study of anaerobes 
are available. 
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A REVIEW AND CLASSIFICATION OF BONE 

SARCOMAS 
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The knowledge of tumors of bone and bone marrow is still in the 
descriptive stage. To reach a correct histologic diagnosis of the case 
and to provide some conception of the probable clinical course are all 
that can be expected at the present time, and often more than is 
accomplished. The separation of the numerous tumors of this group 
into well-defined clinical and pathologic entities is far from complete, 
while knowledge of the exact origins of these tumors and of their 
various exciting and contributing causative factors is extremely frag- 
mentary, or, indeed, wholly lacking. Moreover, with the present 
trend of medical research, the prospects are not favorable to important 
progress in this field. Serolog}', immunology, chemistry, studies in 
nutrition, and the use of modern instruments of precision have con- 
tributed little and promise little in the study of bone tumors. Abundant 
clinical material, wide clinical experience, and knowledge of the 
e’mbryology, physiology and pathology of bone, are the more essential 
cjualifications for successful investigation in this field. 

Such studies call for clinical observation by the surgeon, and 
morphologic research by the pathologist, by each of whom the work 
must be carried out on a broad and systematic plan. Tlie surgeon 
must provide complete clinical pictures of the different neoplastic 
diseases of bone; and the pathologist must discover the origin, the 
predisposing anatomic conditions, the mode of growth, and the general 
etiologic factors, if an effective knowledge of these diseases is to be 
attained. When this knowledge has been secured, it will still be neces- 
sary to devise means for its dissemination so that it may become 
effective in controlling the mortality and possibly the incidence of these 
diseases. 

For this purpose a uniform nomenclature is highly desirable or 
essential; and the main clinical and morphologic features of the dif- 
ferent bone tumors must be clearly presented in accessible form. 
The present article is intended as a contribution toward this end. 

CLASSIFIC.tTICX OF TU.MORS OF HONK AXD KONF MARROW 

In the legitimate classification of tumors of bone only those neoplastic 
diseases which clinical experience shows to actually occur must be 
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recognized. To divide the tissues into their constituent cells and to 
classify tumors blindly according to the possible cells of origin is 
unsound and unserviceable. Most tumors are not simple structures 
composed of a single cell, but are complex and become simple growths 
only in anaplastic metastases. Moreover, the tumors do not develop 
at random. They arise under quite definite conditions, which usually 
determine their course, and these conditions must be considered in a 
classification. The classification must be both clinical and anatomic. 
If a central chondrosarcoma arises from an aberrant superfluous 
island of cartilage misplaced by a rachitic process, then this disease 
may'- be recognized as a specific entity. If an osteogenic sarcoma arises 
at an epiphyseal line from traumatic partial separation of the epiphysis, 
or because of some structural defect, it also becomes a specific entity 
which deserves to appear in classification. On the other hand, if in 
the foregoing examples, considerable variations in structure of the 
tumors are observed in different cases Avhich run much the same clinical 
course, it is unwarranted to subdivide such tumors because of minor 
structural variations, since they remain essentially the same diseases 
in origin, course, and general significance. The practice of designating 
bone tumors simply as round, spindle, or giant cell is quite inadequate 
to define the disease properly. Nearly all malignant tumors show all 
these types of cells at different periods or in different portions. When, 
however, the disease has been identified, for example, as osteogenic 
sarcoma, the further designation of cell type (spindle, etc.), is useful to 
indicate the degree of anaplasia or potential malignancy of the tumor. 
To a considerable extent, it is possible to classify bone tumors according 
to the foregoing plan, while increasing knowledge will serve to correct 
errors as they come to light. Only such a classification will be of 
service to both clinician and pathologist. Accordingly, one may recog- 
nize the forms of neoplastic diseases originating in bone and bene 
marrow given in the accompanying classification. 


Classification of Bone Tumors 

Osteoma { 

r Pure chondroma 1 f Capsular 
Chondroma i Chrondromyxoma !• -{ Periosteal 
[ Myxoma J L Central 


Angioma : Cavernous 


„ . , f Angio-endothelioma } f Solitary 

Endothelioma | Diffuse | ( Multiple 


Benign Central 
Giant Cell Tumor f 
and Its Variants 


1. Bone cyst 

2. Giant cell tumor 

3. Xanthosarconia 

4. Myxosarcoma (benign) 
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case described by Marckwald. It is the only recorded case of its 
kmd Syntmers and Vance = have described a somewhat similar case and 
multiple tumors m much smaller numbers have often been obse;ved 
In several of the cases collected by Howard and Crile, there were 



Fig. 1. — Angio-endothelioma of bone. 


multiple tumors. Whether the several tumors were primaiy or secon- 
dar}! and metastatic from one original growth cannot be determined; 
but multiple primary tumors undoubtedly occur. They appear in adults 


2. Symmers, D.. and Vance. M. : .Am. J. M. Sc. 152:23 (July) 1916. 
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and nearly all have been fatal. Metastases in lungs and Ijanph nodes 
occur. It does not appear that any have been treated by modern 
roentgen-ray technic. The diagnosis rests on the roentgenogram, which 
shows multiple central tumors with diffuse absorption of bone. Multiple 
myelomas are much more numerous and sharply perforate the bone. 
The structure consists of endothelial-like cells in small groups or sheets, 
often forming alveoli and sometimes cysts containing serous or 
mucinous fluid. 

Wells has recently described a multiple endothelioma in which 
isolated small groups of cells, similar to those described by Marckwald, 
appeared, which seemed to be derived from the blood vessels of atrophic 
and mucinous bone marrow. 



Fig. 2. — Structure of angio-enclothelioma of bone. 


2. Angio-endothelioma usually appears as a single tumor which 
sharply and completely destroys the bone and often reaches large 
dimensions (Fig. 1). Its expansile pulsation places it among the malig- 
nant bone aneurysms. The roentgen ray shows a clean cut destruction of 
bone b}^ a central tumor which displaces and eventuall}'^ invades the 
soft parts. There is no bony capsule and the periosteum is free. This 
disease returns after amputation and produces metastases. It grows 
much more rapidly than the benign central giant cell tumor, but can 
hardly be distinguished from telangiectatic sarcoma on clinical and 
roentgen-ray evidence. From the ordinary osteogenic sarcoma it differs 
in that it fails to show a wide zone of involved periosteum extending 
beyond the main tumor mass. These differences are rendered obvious 
by a comparison of the photographs of gross specimens with roentgen- 
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ograms. The structure is highly characteristic, consisting of large 
clear endothelial cells in cords and columns inclosing circulating blood 
(Fig. 2). The subjects are chiefly adults. 

3. Solitary dififuse endothelioma occurs in young subjects, all of 
my patients being under 21 years of age, five of them being 14 years 
old. The bones involved were: ulna, twice; radius, once; tibia, twice; 
scapula, once; skull, once; pubes, twice, and femur, once. It begins 
slowly, with pain and gradually developing disability. After several 
months, spontaneous fi'acture may occur. Transient variations in size of 
the tumor have been noted and may prove very deceptive both to the 
patient and to the physician. One patient died from metastases after 
amputation. Another developed multiple tumors of the skull. Bence- 
Jones protein was found in one case only. The tumors develop in the 
marrow or in the bone or in both. The shaft is widened and slowly 
absorbed without a trace of bone production. The soft tissues are 
gradually invaded. The most striking feature, best revealed by the 
roentgen ra}'’, is the involvement of a large segment or the whole of the 
shaft, which distinguishes the process from osteogenic sarcoma and the 
giant cell tumor. This location, together with the smooth fading of a 
slightly widened shaft, generally permits a diagnosis from the roentgeno- 
gram alone (Fig. 3). The dift'erential diagnosis from the benign giant 
cell tumor and from osteogenic sarcoma is assured if the tumor recedes 
rapidly under roentgen-ray or radium treatment. True myelomas, how- 
ever, may respond in the same manner. The structure presents diffuse 
sheets of small polyhedral cells with - clear cytoplasm, without inter- 
vening stroma, often undergoing mucoid or hydropic degeneration (Fig. 
4). Zenker’s solution best preserves the cell form. After poor fixation, 
the tissue resembles that of a myeloma or ‘'round cell sarcoma.” That 
the cells are endothelial is shown by the appearance in some cases of 
many spaces lined by tumor cells and filled with intact blood. The 
structure may approach that of angio-endothelioma or it may verge on 
myeloma. Plasma cells are absent or scanty and uncertain ; but the 
possible relation of this tumor to plasma cell myeloma remains to be 
determined. 

The importance of recognizing this tumor lies in the fact that 
amputation is probably unnecessary, because the tissue is remarkab ) 
susceptible to the roentgen ray and radium. The prognosis is, hon 
ever, complicated by the occurrence of multiple tumors and metastases. 
One of my patients died with multiple tumors of the skull 
were believed to be primary, and another is said to have died v 
pulmonar}'^ metastases after amputation of the arm. 

The comparative frequency of this disease renders it one o t 
most important of bone tumors. Since the structure is quite di er 
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from that of the easily recognized endotheliomas with blood channels, 
alveoli and cystic spaces, it appears clear that the cases are not recog- 
nized as endothelioma, but are classed as round cell sarcoma or 
myeloma. Since solitary myeloma is not a frequent diagnosis, most 
of the cases probably pass as round cell sarcoma. Unless the pathologist 
is familiar with the structural details of diffuse endothelioma, he 
will invariably render a diagnosis of round, or possibly small, spindle 
cell sarcoma, or myeloma, in these cases. I have been making this 
error myself for many years, although I was long aware that the 
tumors did not correspond to any known form of bone cell or bone 
marrow cell neoplasm. That the tumors are not osteogenic sarcoma 
became apparent when their prompt recession under radium was 



Fig. 4. — Diffuse endothelioma of bone; showing compact structure of large 
poh'hedral cells. 


observed, for oseogenic sarcoma reacts slowly to radium. That t ie 
growths are of endothelial nature tvas strongly suggested by the appear 
ance of broad sheets of clear polyhedral cells wilhout a trace o 
intercellular stroma. This origin was finally demonstrated by tie 
observation of a case in which the usual diffuse structure was present 
in much of the material removed at exploratory operation, while m 
other portions the growth was composed exclusively of blood spaces 
filled with intact blood and lined by large clear endothelial cells. ^ 
The apparent limitation of the disease to young patients is one 
its most interesting and suggestive features. Of the twenty cases 
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BENIGN GIANT CELL TUMOR AND ITS VARIANTS 

In 1852, Nelaton and Robin, in a well illustrated monograph, clearly 
pointed out the gross, microscopic and clinical features of this benign 
liimciir a mycVoplacqnes, contrasted it lyith the malignant osteogenic 
sarcoma, and urged conservative treatment. Gross, also, in 1868, 
clearly described the disease and recognized its benign nature. These 
contributions seem not , to have been widely read ; but several later 
writers, especially in America, have described the disease and discussed 
it as an important novelty. It is quite apparent also that many 
surgeons and pathologists are still unfamiliar with the important 
dififerences that separate this disease from osteogenic sarcoma, so that 
many?^ limbs have been unnecessarily sacrificed and many supposed bone 
sarcomas have been erroneously assumed to be operative cures. 

The knowledge of the clinical and morphologic characters of the 
common benign central giant cell tumor we owe chiefly to Nelaton 
and Robin; but it has long been felt that the scope of these tumors 
is inadequately defined. Some of them do not behave like benign 
neoplasms. Gross believed that he observed violations of the rule that 
they never produce metastases. Many of them recur after operation 
and infiltrate the soft tissue or even break into the joints. Also the 
microscopic diagnosis occasionally presents serious difficulties, even 
for the experienced observer. It is the variants of the disease which 
give rise to difficulty. 

The typical forms of the disease seem to find their origin mainly 
in the changes produced by osteitis fibrosa cystica ; and the simple bone 
cyst is usually found as a part of localized osteitis fibrosa. Osteitis 
fibrosa affects one or many bones and produces a change in the marrow 
marked by diffuse overgrouTh of spindle cells, loss of hematoblastic 
and fat cells, absorption of cancellous tissue and often thinning of 
the shafts. About the dissolving bone trabeculae and along the inner 
surface of the shaft, numerous giant cells are often found. Cysts 
form in the new tissue, and these may be lined by giant cells and filled ■ 
with serous fluid. Hemorrhages readily occur in the cysts and the 
inflammatory reaction about these blood masses leads to the growth o 
granulation tissue in which are often many giant cells and disintegrating 
bone. In some such manner the ordinary giant cell tumor proba y 
dei^elops ; but it must be admitted that the exact mode of ° 

the simple tumors has never been certainly traced. Martland ^ 
shown that simple cysts ma)’’ result from the liquefaction of preiious 
giant cell tumors. I have evidence that some giant cell tumors resu 
from the absorption of aberrant islands of cartilage with neop as ^ 
proliferation of the released cartilage cells, and others. It appe^ 


4. Martland, H. S.: Proc. New York Path. Soc. 21:102, 1921. 
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also that any simple hematoma of bone marrow may lead to the pro- 
duction of granulation tissue with many giant cells. Barrie’s designation 
“hemorrhagic osteomyelitis” would not be inept for some of these 
processes if it did not suggest an intense inflammatory reaction. This 
array of possible initiatives of the peculiar tumor tissue is not incon- 
sistent with the variety of clinical conditions under which the disease 
is observed. The benign giant cell tumor is of wide occurrence as 
respects age, location, multiplicity, and previous history of the patient, 
and it is unlikely that it always arises under identical conditions. 

1. Typical Benign Central Giant Cell Tumor . — This is a character- 
istic condition. It occurs usually as a single tumor in one end of the 
tibia, fibula, humerus, femur, lower jaw, or lower end of the radius, 
or in the flat bones. It progresses slowly, with pain, swelling and 
disability. Spontaneous fracture may result. The soft parts are dis- 
placed. It usually begins near the epiphyseal line, where the cancellous 
tissue is absorbed and the shaft widened by a globular mass. A thin, 
sometimes crackling, shell of bone is regularly laid down about the 
adr'ancing tumor. 

The roentgenogram shows a multicystic appearance, with destruc- 
tion of the shaft, an irregular deposit of outlying shell of bone and 
sharp limitation from the soft tissues. Occurring in the middle of a 
long bone, there may be a sharp irregular fracture with comparatively 
little widening. Beyond the tumor the periosteum is unaffected (Figs. 5 
and 6). 

On gross examination such tumors are nearly always found to be 
cystic; or the central portion is diffluent and filled with blood detritus, 
chocolate colored fluid, or clear serum. The texture of the growth is that 
of soft, reddish, vascular granulation tissue, becoming more and more 
dense toward the periphery. 

The structure shows an abundance of giant cells with many small 
separate nuclei. They appear in masses or they surround capillaries 
or blood spaces. They are derived from the vascular endothelium 
but participate in the tumor process, sometimes extensively. The 
stroma is composed of man}^ capillaries supported by a moderate number 
of spindle fibroblasts with nuclei showing normal or slightly increased 
chromatin (Fig. 7). Tumors of this type are always strictly benign, 
in the oncologic sense, although they may lead to serious clinical dis- 
turbances. They may be cured by curettage, by roentgen ray and 
radium, and some of them disappear spontaneously. They ma)' 
become transformed into simple cysts. They are prone to become 
infected from curettage or exploratory incision, and a progressive cel- 
lulitis and osteomyelitis may develop. The wide cavities left after 
curettage may offer some surgical problems. 
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It seems probable that these growths represent a vigorous prolifera- 
tion of tissue cells about degenerating cartilage. Probabl}^ the cartilage 
cells participate in this process as well as the endothelial and possibly 
other marrow cells. That the absorption of cartilage may be connected 
Avith other giant cell tumors in which no traces of cartilage or their 
peculiar derivatives are present, deserves, perhaps, further consid- 
eration. From their cellular character, one gains the impression that 
these tumors must be more malignant than the others; but several 
patients whom I have followed recovered after curettage. Being 
cellular they should be susceptible to radium and roentgen ra}'. 



Fig. 11. — Benign central giant cell tumor with island of dissolving and 
partly calcified cartilage. 


5. Telangiectatic Giant Cell Tumors . — In 1894 a portion of a 
central giant cell tumor was submitted to Dr. T. M. Piudden at 
Columbia for diagnosis and prognosis. It came from a growth whicj 
occupied a large lower segment of the shaft of the tibia in a girl, age 
14 years. The tumor was described as extremely vascular. After ’ 
discussion, on account of the presence of numerous typical giant ce s. 
the tumor was pronounced benign. Curettage was recommende an 
performed. Several years later we were informed that the patien 
recovered, and that her leg was sound. . 

The structure showed very^ wide blood spaces separated 
strands of spindle cell tissue lined by many giant cells. The spin 
cells resembled those of the ordinary giant cell tumor. 
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That the course of central telangiectatic tumors with giant cells is not 
always favorable is shown by a case illustrated by Figures 12 and 13. 
The subject was a child of 10 years, in whom the head of the humerus 
was completely excavated by a bloody mass in which no tumor tissue 
could be detected on gross examination. Section revealed thin strands 
of tumor tissue composed of spindle cells with hyperchromatic nuclei. 
These inclosed wide blood sjwces lined by numerous giant cells with 
multiple small nuclei which again were relatively hyperchromatic. 
Interscapular-thoracic disarticulation was performed ; but the patient 



Fig. 12. — Telangiectatic osteogenic sarcoma of head of humerus; malignant 
bone aneurysm, in a child of 10 years; pulmonary metastases. 

is said to have died of pulmonary metastases four months later. This 
was not confirmed by necropsy. This case may well be classed as a 
malignant bone aneuiysm. On account of this observation it seems 
proper to urge that more attention should be paid to the main tumor 
tissue than to the giant cells in the diagnosis of doubtful cases of 
this type. 

6. Borderline Cases of Giant Cell Tumors . — Some bone tumors, 
mainly central in location, are found to have involved much of the 
neighboring bone shaft which is eroded or perforated, while the tumor 
tissue early penetrates the soft tissue and fails to throw out a uniform 
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limiting shell of bone. This anatomic condition is not easily distinguished 
in the roentgenogram from some osteogenic sarcomas; but careful 
palpation, roentgenograms • taken from . several angles, and surgical 
exploration reveal an absence of the extensive involvement of periosteum 
which is nearly constant in osteogenic sarcoma. The periosteum in 
these cases is generally quite intact beyond the main tumor mass. 

The structure consists of numerous rather large spindle cells with 
vesicular nuclei which exhibit some, but not pronounced, hyperchro- 
matism. Intercellular strands are scanty or absent. By hydropic 
imbibition the cells may appear polyhedral. Giant cells are scanty or 
absent in many areas but appear in groups, often in the clefts or 



Fig. 13. — Structure of a telangiectatic osteogenic sarcoma; tissue from the 
outer shell of a highly vascular tumor ; round and spindle cells with hj’per 
chromatic nuclei enclosing blood sinuses; same case as Figure 12. 


sinuses of tumor tissue. They are not so large as the giant cells of 
the ordinary giant cell tumor, and the nuclei, while multiple, are 
larger and more hyperchroniatic. The diagnostic difficulties are 
increased when only curetted fragments of the tumor are available. 
Such tumors offer a difficult problem for the pathologist and for tie 
surgeon. My colleagues and I have adopted the policy of designating 
these tumors as borderline tumors of the giant cell type and of 
a guarded prognosis. They are prone to recur after curettage, u 
I have not known them to produce metastases even after repeated insu s. 
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While they probably belong with the benign giant cell tumor and 
are connected with the absorption of bone or cartilage, it seems possible 
that osteoblasts may participate in the proliferation and endow , the 
process with more aggressive qualities than belong to the strictly 
benign tumors (Fig. 14). 

7. Secondary Giant Cell Structure in Malignant Osteogenic 
Sarcoma . — Since the peculiar giant cells of the benign tumor occur 
whenever bone is being absorbed and since these structures signify 
in general a t3'pe of foreign bod)' giant cell, one should be prepared 
to find them in malignant osteogenic tumors surrounding blood extra- 
vasations, or following infection, or surgical trauma. Under such 



Fig. 14. — Benign giant cell tumor, low magnification; giant cell with many 
compact nuclei ; polyhedral and spindle cells ; many small lymphocytes. 


conditions they not infrequently appear in malignant tumors and may 
lead to an erroneous diagnosis by the pathologist when only small 
portions of tissue are available. These and other considerations have 
led me to take the position that cutting into bone tumors and removing 
a small piece for diagnosis is generally hazardous. The diagnosis of 
bone tumors can safely be attempted only when all of the clinical 
history and roentgenograms are available. With such data carefully 
analyzed, the probatory incision is usually found to be unnecessary; 
and it is not too much to say that the gross anatomy of the lesion is 
often a safer guide to a correct clinical conception of the disease than 
the variable and uncertain structure of a small piece of tissue. Doubt- 
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less there are cases in which both classes of evidence are needed • but 
they constitute a minority of the group and the microscopic evidence 
is often indecisive. 

The foregoing review of the conditions under which giant cells of 
the epulis type may be found in bone tumors reveals the difficulties 
which surround microscopic diagnosis in this field. When the giant 
cells form the major portion of the tumor, the process is almost 
invariably lacking in aggressive growth and clinical malignancy; but 
when they become scanty and are associated with many spindle cells 
and compact polyhedral cells, the tumors as a rule are more aggressive, 
while in some cases in which the giant cells are associated with other, 
more numerous, tumor celts of malignant histologic character the 
tumors, as- in the malignant bone aneurysm cited, are quite malignant. 
In addition, there is the occasional occurrence of epulis giant cells 
in inflamed and degenerating osteogenic sarcoma. Under these cir- 
cumstances, it seems desirable to restrict the importance of the presence 
of giant cells in the diagnosis of bone tumors, and to emphasize 
more strongly the importance of the main tumor cells. Furthermore, 
it seems probable that further study of the origin of these benign 
central tumors will lead to the definite subdivision of the group based 
on exact histogenesis and general etiology. The demonstration of a 
group of these tumors as probably derived from the absorption of 
cartilage is perhaps a step in this direction. The xanthomatous tumors 
also are peculiar in many respects and suggest that they too enjoy 
some peculiar conditions of origin. ' Osteitis fibrosa seems to be 
associated only with the benign vascular cystic tumors composed 
chiefly of giant cells of large size. 

A more satisfactory term should be found to designate this group of 
tumors, and one which lays less emphasis on the giant cells. Central 
osteogenic sarcoma or benign central sarcoma may be suggested as 
worthy of consideration. 

OSTEOGENIC SARCOMA 

Of this, the main malignant tumor of bone, four distinct groups 
should be recognized, because of their peculiar gross anatomy, micro 
scopic structure and clinical course. These are: (1) periostea 
sarcoma; (2) subperiosteal and medullary sarcoma; (3) telangiectatic 
sarcoma, and (4) sclerosing osteogenic sarcoma. 

I have previously urged the recognition of only three groups o 
osteogenic sarcoma, merging the first two groups of the present is 
for the sake of simplicity; but the facts demand the sacrifice o 
simplicity in the interest of more accurate knowledge. A large num er 
of bone tumors are e.Uraperiosteal, while many others are .y»&perios ea 
and invade or originate in the marrow cavity. On ’ 

tumors are found to be quite different in gross anatomy; m str 
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they are quite divergent, and the clinical courses arP r 

These contrasts suggest essential differences in the r Parallel, 

of the tumors. ainerences m the conditions of origin 


is quite characteSfc '"in St AeTuT'^pe 
.0 oH,n.e .e 



Fig. 16. Extraperiosteal osteogenic sarcoma; same case as that shown in 
Figure IS. 


the bone shaft intact or slightly eroded, whereas other osteogenic 
sarcomas are subperiosteal and grow beneath the periosteum, separating 
it from the shaft over a ■\\dde area by a fusiform mass of cellular tumor 
tissue. These relations are indicated in the accompanying sketch (Fig. 
20), and they become quite apparent in Figures 15, 16, 17 and 19. 
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Fig. 17. — Malignant spindle cell extraperiosteal and capsular sarcoma, fun- 
gating through the skin at line of diagnostic incision ; infection with rapid 
enlargement from inflammatory edema. 
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The roentgenogram shows an intact or slightly eroded shaft running 
through a solid tumor mass which lies at one side and which is attached 
to a segment, often narroAV, of the periosteum. Some of these tumors 
arise mainly from the capsule of the joint, but a pure capsular sarcoma 
is i^are. 

The small area of periosteum involved and the firm encapsulation 
frequently observed suggest that in such cases an effort may be made 
at local excision. Some periosteal sarcomas are dense fibrosarcomas 
which recur locally but which have only a,, moderate tendency to 
produce metastases. They also suggest conservative treatment. 



Fig. IS.— Structure of e.xtraperiosteal and capsular osteogenic sarcoma; 


same case as Figure 17. 

Most periosteal sarcomas produce bulk}'’ rounded solid growths 
which long remain encapsulated, pushing the soft parts before ttem. 
When forming cartilage, they may reach enormous dimensions. 

The texture of periosteal sarcomas varies. Some are celluar, 
soft, crumbly, rapidly growing and extremely malignant. A tumor 
of the humerus gave myriads of metastases in neany ever) portion 
the body from calvarium to heel, while the pancreas was comp e.e} 
replaced by tumor tissue, composed of small spindle cells. ce .u c 
tumor of the patella proved fatal six weeks after the originating mj 3 


was received. 

Most of the tumors are firm because 
cellular stroma, which appears in the 


of the presence of much inter- 
form of sta’actite strands of 
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before concluding that a malignant process exists. -Malignant bone- 
producing tumors very I’arely develop within three weeks after a 
trauma. Periostitis usually covers a wide area, while tumors are 
localized, 

2. Solid Subperiosteal and Medullary Sarcoma . — The most fre- 
quent form of osteogenic sarcoma involves marrow, shaft and sub- 
periosteal tissue. The cancellous tissue toward the end of the diaphysis 
is converted into a solid tumor mass which extends up the marrow 
cavity, and after considerable delay may cross the epiphyseal line 
into the epiphysis. At the same time the shaft is destroyed and the 
tumor spreads beneath the periosteum, producing a fusiform swelling 
which gradually encases the bone. In the earliest cases which I have 



Fig. 21. — Large spindle cell, highly fibrous periosteal sarcoma. 


dissected the lesion was about equally developed in both locations, 
medullary and subperiosteal. The separated periosteum long remains 
as a resisting capsule; but eventually it is perforated, after which the 
tumor process rapidly invades the soft parts (Fig. 19). 

Occasionally, these tumors spread widely over large segments of 
bone. I have seen most of the ilium, pubes, ischium, and upper half 
of the femur covered and infiltrated by cellular subperiosteal and 
medullary sarcoma. 

The tumor tissue is solid, opaque and cellular. Usually there is 
considerable stroma, of osteoid character, which renders the growth 
firm and resistant. Bone formation is not prominent ; but irregular 
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islands may appear throughout the medullary portions, and radiating 
striae beneath the periosteum. Hemorrhage and necrosis belong to 
the rapidly advancing cases. Combinations with the sclerosing type 
of osteogenic sarcoma are not infrequent. 

The structure exhibits considerable variations. Most of the tumors 
consist of spindle, rounded, and polyhedral cells, while mononuclear 
giant cells are common. In some cases, probably concerned with 
cartilage, the cells are large and polyhedral. The stroma is usually 
abundant, and of hyaline, cartilaginous, osteoid, or osseous type. Bone 
production and absorption go hand in hand in the same territory; The 
blood vessels consist of capillaries and clefts between tumor cells. 



Fig. 22. — Spindle cell fibrosarcoma of periosteum. 


and of larger vessels lined by tumor tissue and through which cell 
emboli readily pass (Figs. 24 and 25). 

In the roentgenogram the most striking feature is the elevation of 
the periosteum by a fusiform subperiosteal tumor; A bony capsule 
such as is seen about benign central tumors is missing; but irregular 
extracortical deposits of bone may be seen. The medullary region 
is usually opaque and in sclerosing types it may be quite dense. The 
cortex is generally obscured or destroyed (Fig. 23). 

3. Telangiectatic Bone Sarcoma . — This is a characteristic gross 
anatomic picture (Fig. 26). Its exact point of origin is not narrowly 
defined, but it early destroys the shaft and grows expansively m all 
directions, obliterating the marrow cavity and perforating the distended 
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periosteum and its shell of bone. Vascular tumors may pulsate. In 
several rapidly progressing cases, I have found the lower 2 inches 
(5 cm.) of the femur sequestrated beneath the periosteum and lying 
in blood clot. Combinations with cellular solid central and periosteal 
tumor masses are common. 



Fig. 23. — Osteogenic sarcoma. 


At the other extreme are cases in which there is comparatively 
little tumor tissue, but widely dilated blood spaces separated by strands 
and walled oil externally by narrow layers of malignant tumor tissue. 





Fig. 25 . — Structure of osteogenic sarcoma; large polyhedral and spindle cells 
in fibrillar and osteoid stroma. 










EWING— BONE SARCOMAS 


517 


These are the true malignant bone aneurysms (Figs. 12 and 13). This 
type of tumor is practically limited to young subjects. Few patients 
survive more than a year, and no cures by any method appear to have 
been recorded. 



Fig. 26. — Telangiectatic osteogenic sarcoma. 


All of .these variations and combinations indicate that the disease 
is essentially one and the same process, which originates from osteo- 
blasts and destroys periosteum, bone shaft and marrow. 

4. Sclerosing Osteogenic Sarcoma . — This term was employed by 
Virchow to designate certain bone-producing sarcomas, mainly central 
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Fig. 27. — Sclerosing osteogenic sarcoma of femur; fusion of thickened 
cortex with central mass of ossifying tumor; extension up marrow cavity and 
into periosteum. 






EWING— BONE SARCOMAS 


519 


in location, but involving periosteum, shaft and marrow cavity, and 
transforming the end of the bone into a bulky solid mass of hard, 
occasionally ivory-like, bone. 

Minor variations in this process are not uncommon. The periosteurn 
usually remains unbroken; but it may be perforated early, releasing 
a portion of the tumor which grows in more cellular form, invading 
the soft tissues. The roentgen ray shows the club shaped central 
mass of dense bone with widening and obliteration of shaft. The 
picture is unlike that of any other process in bone (Fig. 27). 



Fig. 28. — Structure of sclerosing osteogenic sarcoma; large spindle and 
polyhedral cells lying in osteoid and osseous tissue ; nuclei large and hyper- 
chromatic. 


The dominating histologic feature is the production of much inter- 
cellular material in the form of hyaline osteoid tissue or dense bone. 
This material is at first cellular but eventually becomes yery compact, 
hard, and acellular (Fig. 28). In the advancing peripheral portions are 
blood vessels lined by tumor cells, through which metastases readily 
occur. 

The progress of the disease is slow, from one to two years elapsing 
before marked swelling of the bone appears, and from five to twenty- 
five years passing before the usual fatal termination is reached. Yet 
the prognosis is poor, since metastases seem to occur early, although 
some years may elapse before pulmonar}’^ signs are detected. 
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ETIOLOGY OF OSTEOGENIC SARCOMA 

It is difficult to find any adequate hypothesis regarding the causation 
of osteogenic sarcoma. Trauma rather frequently precedes the out- 
break of the disease but has been noted only ih a minority of cases, and 
is of itself an inadequate explanation. It is possible to conceive that 
traumatic hemorrhage and separation of minute fragments of bone 
may tend to release the vigorous regenerative capacity of osteoblasts; 
but the atypical and lawless form of the regeneration always evades 
our grasp. Definite fractures are seldom followed by sarcoma although 
exuberant callus closely approaches in structure osteogenic sarcoma. 
Some element of tissue predisposition must be involved and it seems 
probable that this factor may consist in an abnormal blood supply in 
the affected part, providing excessive nutrition. If such a factor 
actually exists it works more often alone than with trauma. Typical 
osteogenic sarcoma almost invariably begins in the end of the diaphysis 
and long fails to cross the epiphyseal line. This relation suggests that 
a vascular and nutritional disturbance may reside in the branches of the 
main nutrient artery but not in the capsular vessels which supply the 
epiphysis. Multiple osteogenic sarcoma, affecting the ends of several 
long bones, of which I have seen one case so interpreted, favors the 
idea that the disease is dependent on some congenital disturbance in 
the structure of the bones. 


UNIDENTIFIED TYPES OF BONE SARCOMA 

In the group of osteogenic sarcoma one must include certain 
malignant cellular tumors, the origin and nature of which are still quite 
undetermined. One not infrequently encounters cellular medullar}'’ and 
subperiosteal tumors in which, the hyperchromatic cells grow diffusely 
without producing bone or any stroma. 

The nature of these tumors remains an unsolved problem in which 
several possibilities may be considered : ( 1 ) It is possible that osteo- 

blasts may proliferate so rapidly as to produce a tumor tissue com- 
posed of rounded or polyhedral or short spindle cells, entirely free 
from intercellular material. (2) An endothelial origin of some of the 
cellular tumors is also to be considered ; but the necessary proof is 
difficult to secure, and unless the evidence is quite convincing the diag 
nosis of endothelioma should not be entertained. (3) It is always a 
safe resort to assign undifferentiated round and polyhedral cell tumors 
to the group of myelomas; but this plan does not assist in unraye.mg 
that miscellaneous class of neoplasms. (4) The penthelial ce s o 
blood vessels are a source of somewhat specific tumors in many si ua 
tions • but there is no definite evidence that angioblastic cells pro uce 
the cellular tumors of bone. (5) The increasing ^^^ognihon of neuro- 
blastoma, especially in young subjects, raises the suspicion that some 
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of the cellular tumors of bone may be derived from the neuroblast; 
but the characteristic rosets on which alone the diagnosis of neuro- 
blastoma may safely rest, have not been demonstrated in bone sarcoma. 
(6) One may draw into the possible sources of tumors aberrant organ 
and tissue rests, the existence of which in bone or bone marrow is 
mainly hypothetic. (7) A metastatic origin of atypical cellular bone 
tumors is always to be kept in mind ; but this explanation will not apply 
to most of the tumors in question. 

These speculations seem p'ermissible mainly to emphasize the fact 
that the territory of cellular bone tumors still requires much further 
exploration. Yet there is a practical value in knowing that such 
unidentified tumors exist, so that peculiarities in age incidence, loca- 
tion, structure, and clinical course, and paradoxic cures by surgery, 
roentgen ray, and radium, ma)^ not be attributed to the well known 
malignant bone tumors. 

MYELOMA 

Only a brief outline of the main features of this extensive, but 
comparatively rare, group of tumors can be undertaken at this time. 

Myelomas are tumors derived from the specific bone marrow cells. 
Granular myelocytes, lymphocytes, and nucleated red blood cells are 
the three specific cells of bone marrow, and tumors of each of these 
cells are observed. The commonest form of myeloma is, however, 
composed of plasma cells, the origin of which is still somewhat uncer- 
tain. The weight of opinion favors an origin from lymphocytes or 
from endothelial cells. There are thus four histologic varieties of 
m)feloma: (1) plasma cell tumors; (2) lymphocytoma ; (3) myelo- 
cytoma, and (4) erythroblastoma. 

These tumors have certain common features which separate them 
sharply from osteogenic sarcoma. While often single they are usually 
multiple. Eventually, they may become widely diffused or systemic. 
They readily destroy bone by diffuse absorption or sharp perforation, 
but never produce bone. Visceral metastases develop slowly or not at 
all, so that many cases come to necropsy without metastases. ■ The 
regional lymph nodes are not infrequently involved. The presence of 
involved regional nodes is almost certain evidence against osteogenic 
sarcoma, although in a few cases of this disease the nodes appear to 
have sifted out cells which ordinarily travel through large blood 
channels. 

The location of myelomas is peculiar. They choose by preference 
the midportions instead of the ends of the bones, often involving con- 
siderable segments or later the whole of the marrow cavity. They also 
affect the vertebrae, ribs and skull, which are seldom the sites of 
osteogenic sarcoma. Passing through the bone, myelomas infiltrate the 
soft tissues, without, as a rule, producing the bulky tumors and destruc- 
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tive effects of other sarcomas. Rapidly destroying bone, they early lead 
to spontaneous fractures, or collapse of joints, or crushing of vertebral 
bodies -with paraplegia (Fig. 29). 

I A peculiar cachexia and anemia usually accompany myeloma, due 
to the destruction of blood-forming marrow. Bence-Jones proteinuria 
is occasionally present. The prognosis of all forms of myeloma is 
unfavorable, owing to the multiple and systemic nature of the lesions. 
Yet solitary myeloma is probably curable by excision or amputation. 
Of the recurrences and extensions it is difficult to determine whether 
they are metastases or multiple primary new growths. 



Fig. 29. — Plasma cell myeloma of vertebral body, causing collapse of vertebra 
and paraplegia. 

Like other lymphoid tissues, myeloma recedes rapidly under 
roentgen-ray and radium treatment and the bone is partially restored, 
but the ultimate prognosis remains unfavorable because of extensions 

and metastases. . 

The diagnosis of myeloma can usually be made on the genera 

clinical features and on the roentgenograms. The medullary location, 
the preference for the midportions rather than the ends, the sharp 
perforation or diffuse absorption of bone are rather specific roentgeno- 
logic features; yet diffuse endothelioma produces much the same e ec 
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One of them involved the whole marrow cavity of the humerus of 
an adult male, destroyed the shaft over the upper half and produced 
a bulky infiltrating extensively necrotic tumor of the muscles and 
fasciae. Shoulder- joint amputation was soon followed by recurrence 
and generalization of the disease. Considerable infiltration by lympho- 
cytes and extensive necrosis suggested a syphilitic process; but the 
wide areas of large hyperchromatic granular cells and the later course 
demonstrated the myelomatous nature of the disease. 

This form of myeloma appears to have escaped definite attention in 
the literature of bone sarcoma, although several authors have described 
scanty neutrophil granules in the cells of myeloma. 



Fig. 30.— Myeloma of femur involving a large portion of the shaft; loosely 
packed large round cells. 


4. Hemoglobin-Holding Cells.— These have been found in myeloma 
by Ribbert « and by Norris. In Ribbert’s case the largest tumors were 
in the ribs and smaller growths were found in the vertebrae and sku . 
The tumors presented a striking brownish-red appearance; and hemo- 
globin in abundance was found in the tumor cells. In a sirni ar 
observed by Norris ' in Bellevue Hospital the cells were rich m 

globin. 


6. Ribbert: 

7. Norris; 


Centralbl. f. Path. 15:337, 1904. 
Proc. New York Path. Soc. N. S. 


6:128, 1906. 
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The Prognosis and Treatment of Sarcomas of Bone 

The increasing knowledge of the natural history of bone tumors 
furnishes a basis for reconsidering the treatment of these diseases. 
I believe that the present state of our knowledge and the additional 
resources of roentgen ray and radium demand that the whole subject 
of the prognosis and treatment of bone sarcoma should be reopened 
and readjusted to meet the present situation and bring the control of 
these diseases more nearly in line with present possibilities. It does 
not require an extensive experience with surgical literature, to say 
nothing of actual surgical practice, to force the conclusion that the 
results now generally obtained with this group of diseases are far below 
a reasonable standard. 


Generally speaking, the diagnosis of malignant bone tumors is 
accomplished in the late stages of the disease, after long delay has been 
incurred by considering ever}’’ other possibilit}', and not a few impossi- 
bilities. Experience with man)^ of these cases at the Memorial Hospital 
shows that in the presence of definite signs of bone sarcoma, per- 
sistent pain and loss of function, these patients are general!}’’ treated 
for inflammatory conditions and the last possibility to be considered 
is sarcoma. Often until the terminal stages, treatment has been 
directed toward the alleviation of rheumatism, . neuralgia, syphilis, 
osteomyelitis, sprain, endocrine disturbance, etc. All the modern 
laborator}’’ methods for the quantitative study of the secondary 
phenomena of disease have been freely employed ; but the diag:nosis 
of a lethal disease has not been made in time to be of service. Even 
in the face of indubitable signs and pathognomonic symptoms of well 
established bone sarcoma I have known experienced surgeons to refuse 


to accept the diagnosis of malignant tumor. 

The main reason for this costly conservatism must be found in the 
fact that the diagnosis of ' bone sarcoma is generally accepted as a 
signal for an immediate surgical operation, either amputation, or 


excision, or diagnostic incision. As long as this view and this aggressive 
standard practice prevail so long -will the surgeon delay in accepting 
a grave prognosis for his patient. On the other hand, if the diagnosis 
were approached more radically, treatment might be much less radical. 

I believe that with present resources, the suspicion of bone sarcoma 
should not be taken as a signal for operation. The diagnosis m t le 
cT-eat majority of cases of bone sarcoma can be accomplished on clinica 
history, roentgen-ray findings, and the results of therapeutic tests vi J 
roentgen ray or radium. The therapeutic test is at the same time t 
best treatment for a large proportion of bone sarcomas in s , 

the nonoperative treatment of these diseases is a goal to be ai ^ • 

The main exceptions to this proposal, of which there are 
found among the early osteogenic sarcomas with which prompt F 
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tation has effected some cures. There are also complicated cases of 
other types which demand operation. 

Considering first the omission of diagnostic incisions, one finds that 
the vast majority of cases of bone sarcoma of every type give highly 



Fig. 32. — Myeloma of tibia; bony portions of the tumor are dissolving bone 
apparently displaced from the shaft. 


characteristic roentgenograms, which, interpreted in the light of exact 
and simple clinical data, permit a reasonably accurate diagnosis. The 
roentgenologic details wnll not here be repeated; but emphasis may 
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be placed on the facts that; osteogenic sarcoma almost never affects 
the middle half of the shaft, but is a disease of diaphyseal ends- 
erosion or destruction of a segment of shaft is nearly constant in 
osteogenic sarcoma; the benign central tumors regularly widen the 
shaft and displace the periosteum with its thin shell of bone, long 
before more aggressive forms of this disease invade the soft tissue"; 
and myelomas and diffuse endotheliomas involve wide segments of 
the bone, often the midportions, and cause smooth gradual fading 
of the shaft. Syphilis, tuberculosis, chronic osteomyelitis and periostitis, 
and Paget s disease, each presents its own peculiar morphology and 



Fig. 33. — Structure of a diffuse myeloma; cells small, round, and polyhedral; 
type undetermined; same case as Figure 31. 


clinical setting, and, with rare exceptions, lacks the specific features of 
bone tumors. It must be admitted that these interpretations require 
experience; but no inexperienced person should undertake to deal with 
bone tumors. When the experienced observer is unable to reach a 
conclusion, then resort must be made to the diagnostic incision, before 
amputation is advised. 

The therapeutic test is decisive evidence as between certain 
classes of bone tumors. Myelomas and diffuse endotheliomas melt 
down rapidly under roentgen ray and radium. These physical agents 
control the growth of the benign central tumors and cause the gra ua 
restoration of the shaft, while the relief of pain and disability is usua } 
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prompt. With osteogenic sarcoma, roentgen ray and radium have 
little or no immediate effect on the size or form of the tumor. 
Chondrosarcomas seem to be wholly unaffected by external radiation. 

When the clinical data, roentgen-ray findings, and therapeutic tests 
have been carefully weighed by an experienced observer, I believe there 
will be very few cases remaining for diagnostic incision. 

When tissue has been removed for diagnosis, the microscope in 
competent hands will provide an accurate idea of the clinical nature 
' of the disease in the great majority of cases, but not always. Failure 
to secure a characteristic portion of the tumor, encountering tissues 
greatly altered by inflammatory or degenerative processes, and inexperi- 
ence of the pathologist with the very wide scope and confusing variety 
of histologic features occurring in diseased bone are some of the 
common sources of error which the surgeon must face who trusts his 
diagnosis to the microscope. It would be a mistake to overemphasize 
these hazards ; but the more experienced the pathologist, the more he 
learns to rely on clinical data for clinical diagnoses and the more he 
urges the surgeon to make his diagnosis on clinical observation, and 
not to expect too much from the study of small pieces of tissue. As 
a rule, the microscope reveals the general class of a bone sarcoma; 
but it often fails to reveal those special features which are so important 
in forming a clinical estimate of the disease. 

The diagnosis having been reached, the plan of treatment may 
then be determined with adequate reference to the natural course of 
the disease. In this decision, I would emphasize .the necessity of dis- 
tinguishing not only between the different groups of bone sarcoma but 
between different cases in the same group. Blanket rules are inadmis- 
sible in dealing with cases which differ so widely in their natural 
tendencies as do bone sarcomas. The slowly growing, encapsulated 
fibrosarcoma attached to the periosteum presents a very different 
therapeutic problem from the highly malignant telangiectatic sarcoma, 
and there is much variation among the cases of benign giant cell 
tumor. 

TREATMENT OF THE GIANT CELL TUMOR 

The standard treatment of this disease is by curettage, followed, 
as a rule, by application to the cavity of some escharotic. A plastic 
bone operation is sometimes required. The results are generally good. 
Yet there are several limitations to the success of this radical surgical 
method. Infection not infrequently follows the curettage, and leads to 
persistent suppuration, osteomyelitis, or septicemia, since it is difficult 
to eradicate infection of tumor tissue in the marrow cavity of a long 
bone. Or the tumor recurs and requires repeated curettages, with 
advancing destruction of bone, or opening into joints, so that eventually 
amputation is required. I have observed many cases of this benign 
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tumor in which all of these unfortunate terminations have resulted in 
the hands of competent operators. Nor is it unreasonable to assume 
that the trauma of repeated curettages may transform an originally 
benign process into one clinically malignant. Even the mechanical 
forcing of viable cells through open blood vessels and the production 
of metastases seem quite within the range of possible results of surgical 
trauma, especially in cellular tumors.® 

All of these hazards may be avoided by treating these patients by 
roentgen ray or radium. Both of these physical agents control the 
growth, soon relieve pain and disability, and permit the gradual restora- 
tion of the shaft. The experience at the Memorial Hospital with a 
considerable series of cases during the past few years has demonstrated, 
in my opinion, that treatment by roentgen ray or radium should be 
adopted as the method of choice in uncomplicated forms of this disease. 
Recently, Jungling ® has reported the cure by roentgen -ray treatment 
of a large medullary sarcoma of the upj^er end of the femur, and at 
the same time he records the spontaneous regression of two other cases 
located in the humerus and fibula. This plan, however, calls for a 
period of several months of observation, for while pain and disability 
are usually relieved promptly, the restoration of the shaft is slow. 
If this method fails after adequate trial, then it is time enough to con- 
sider curettage, or, if there is great destruction of tissue, amputation. 

For a successful result, it is highly important that the skin and 
tumor capsule should not be incised for diagnosis, since the scar may 
break down under repeated radiation, and infected cases as a rule do 
badly. The insertion of radium tubes into the cavity after curettage 
is not a very satisfactory method, since such radiation renders the 
tissue more susceptible to infection, and adequate dosage may cause 
chronic osteitis or bone necrosis. The best method is external radiation 
through the intact skin. The capacity of the physical agents to deal 
successfully with the various forms of the benign giant cell tumor is 
clearly dependent on the cellular structure and delicate blood vessels 
of the tumor tissue. 

Myeloma. — Owing to the multiple or systemic distribution of most 
cases of myeloma the prognosis of the disease remains unfavorable 
under any form of treatment. Since these cellular lymphoid tumors 
are very susceptible to roentgen ray and radium, these agents would 
seem to deserve first choice in treatment. Yet since little is known 

8. Since this article was written, I have obtained all the data in a case 
demonstrating the transformation of a benign giant cell tumor of the ti na into 
a malignant large spindle cell sarcoma as a result of repeated curettage, in c - 
tion and radium treatment, and terminating, after amputation, m deat i ro 
pulmonary metastases. This case will be fully reported later. 

9. Jungling: Strahlentherapie 12:178, 1921. 
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regarding the mode of extension of myeloma, one may assume that a 
prompt amputation may at times forestall metastases. The available 
reports in the literature, as well as my experience with a few of these 
rare cases, does not encourage the belief that amputation accomplishes 
much in this disease. For rnultiple cases affecting the bones of the 
skull or trunk, roentgen ray and radium constitute the sole resource, 
and so far as the local tumor is concerned they are effective. 

Endothelioma . — So far I have been able to learn there are no reports 
of surgical cure of angio-endothelioma, and no record of treatment by 
physical agents. Owing to early metastases and multiple origin, the 
prognosis of this disease must remain unfavorable. On account of the 
vascular and cellular structure of the tumors, it is to be hoped that 
the effects of the physical agents on this process will be subm.itted to 
an early test. 

Diffuse endothelioma as already stated, regresses so rapidly under 
roentgen ray or radium as to call for this plan of treatment in every 
case. Yet I would again emphasize that sufficient time has not elapsed 
to determine the final outcome of cases that have responded well to 
radiation. At the present writing, four of ten patients are dead ; three 
from multiple tumors, one from “acute mania”; two are without signs 
of disease; one has progressed favorably for a year, and three have 
not been traced. Until more is known regarding the nature of this 
disease, it can only be said that the physical agents seem to control the 
local process, and that amputation should be withheld until its indica- 
tions are more clearly defined. 

Osteogenic Sarcoma . — While the highly lethal character of this 
disease is perhaps its most impressive feature it is probable that isolated 
surgical cures have been obtained for nearly every bone of the 
extremities. Near the shoulder or hip joint there are probably none, 
except possibly Berger’s case, at the upper end of the humerus, reported 
by Jeanbreau and Riche.’^® 

I have examined in some detail the statistical reports of Kocher, 
Coley, Reinhardt, Butlin, Nasse, and others, and have been unable to 
draw any definite conclusions from them, because of the uncertainty 
in diagnosis. Greenough, Simmons, and Harmer, however, carefully 
classify fifty-six cases of true osteogenic sarcoma occurring at the 
Massachusetts General and the Huntington hospitals, and report three 
cures of three years’ standing by radical operation. These tumors 
were located in the femur, tibia, and inferior maxilla, and all were of 
highly fibrous or ossifying structure. On the other hand, barring one 
operative death in a very extensive case, all of the fourteen patients 
Avith giant cell tumors were cured by operation. 


10. Jeanbreau and Riche; Rev. de chir, 32:153, 1905. 
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More significant than combined statistics is the analysis of the types 
of cases for which amputation may reasonably be expected to yield 
success. All the cellular and vascular sarcomas treated surgically seem 
to have been fatal within a few months. Likewise the established 
small spindle cell periosteal sarcomas are extremely malignant. 

More favorable conditions are furnished in the very early stages 
of sclerosing central and subperiosteal tumors which have not ruptured 
the periosteum. For such tumors prompt amputation may well be 
endorsed as offering a reasonable hope of success, although the attested 
records of such success are extremely rare. More favorable still are 
the encapsulated fibrosarcomas attached to the periosteum. Many 
of these growths are comparatively acellular and are at first capable 
only of local recurrence. They form a considerable proportion of the 
reported surgical cures. 

With the use of physical agents as adjuvants to surgery, they form 
a favorable field for conservative surgery, aiming at local extirpation 
followed by treatment by roentgen ray or radium. As long ago as 
1908, Goebel reported the cure (fifteen months’ observation) of a 
malignant infiltrating periosteal sarcoma of the femur in an infant 
in whom he twice extirpated portions of the tumor and followed the 
operations with exposure to the roentgen ray to the limit of skin 
tolerance. 

In order to secure more accurate data regarding the prognosis of 
osteogenic sarcoma, the following scheme may be offered as indicating 
* the different grades of malignancy in the disease; and it is suggested 
that the use of some such scheme replace the custom of merging all 
types of osteogenic sarcoma in statistical reports. 

1. Encapsulated extraperiosteal fibrosarcoma; fibrous, cartilaginous 
or osteoid stroma in excess of cells; prognosis fair. 

2. Sclerosing medullary and periosteal sarcoma ; course slow ; 
metastases appear very late. 

3. Cellular spindle cell periosteal sarcoma; stroma scanty or absent; 
some cures by surgery and other methods. 

4. Solid cellular central and subperiosteal sarcoma ; some surgical 
cures of early cases. 

5. Very vascular cellular telangiectatic sarcoma; no reported cures. 

For the past seven years, I have been interested in efforts to control 

osteogenic sarcoma by physical agents at the Memorial Hospital. Tlie 
results have been unsatisfactory but encouraging. They involve man) 
clinical and technical considerations that belong to my clinica an 
radiologic colleagues. My own services have been directed towar 
securing accurate anatomic and histologic diagnoses, and to the stud) 


11. Goebel: Arch. f. klin. chir. 87:191, 1908. 
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of the effects of the physical agents on the tissues. From these sources 
of information the following conclusions have been drawn. 

1. It has been shown by physical computation, histologic changes 
in the tumor tissues, and clinical results, that it is possible to deliver 
an effective dosage of roentgen ray or radium to all parts of many 
osteogenic sarcomas where the tumors are accessible from all sides. 

2. The histologic changes .demonstrate a slowing of the rate of 
growth of the tumor cells, by which they are induced to lay down calcific 
material, or dense hyaline stroma, or bone. With vascular and cellular 
tumors, hemorrhage and necrosis may be produced. 

3. Cellular tumors without much intercellular stroma may undergo 
complete resolution and disappear. 

In evidence of this statement I would refer to the following case; 

In 1915, Dr. C. H. Peck referred to the hospital a boy, aged 8 years, with a 
recurrent periosteal sarcoma of the metacarpal bone of the thumb. The tumor 
had recurred promptly after excision, presenting a globular swelling, 2 by 3 cm. 
Section of the original tumor showed a small spindle cell sarcoma without 
demonstrable stroma. Roentgen-ray treatment (Muller tube), given by Dr. 
Arthur Holding for three months, produced, for the first month, no definite 
effect; during the second month, the tumor ceased to grow; after the fourth 
month, there was steady recession, which became complete in six months. The 
boy was followed for four years without recurrence. 

4. Tumors producing much intercellular material can probably not 
be made to disappear by present technic with physical agents. The 
most that can be hoped for such tumors is the sclerosis or ossification 
of the tumor tissue with cessation of grotvth. 

5. The majority of true osteogenic sarcomas under radiation, while 
suffering retardation of growth, prove fatal from the usual metastases. 
It may be said that they would do so under any circumstances; but 
the possibility that prompt amputation might save some patients may 
be considered by many as a bar to conservative treatment. On the 
other hand, the long survival of certain cases heavily radiated and 
later coming to amputation strongly suggests that effective radiation 
distinctly postpones metastases. 

6. The technic of employing roentgen ray and radium in osteogenic 
sarcoma can be made much more efficient by the proper selection of 
cases, by more careful study of the exact anatomic condition to be 
dealt with, adapting the agents to the conditions as found, and by a 
judicious combination with surgery. 

It is obvious that the problems here involved are of a major char- 
acter and demand the most intelligent cooperation of surgeon, radi- 
ologist and pathologist. From results alread}’^ obtained I am convinced 
that large rewards await the resourceful worker, by using all the means 
now at his disposal, in reducing the mortality from this lethal disease. 
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INTRODUCTION 

The localized form of osteitis fibrosa, especially in its relation to the 
formation of bone cysts, has been very commonly recognized and- com- 
mented upon during the last twenty years. Bloodgood,^ in numerous 
publications, and also Barrie,^ Silver,^ and Meyerding,'* have furnished 
valuable contributions to the American literature ; and Elmslie ® has 
given a good summary of the English cases. The Germans have written 
at length on the subject. 

The generalized type, however, has received scant attention, possibly 
because it is not recognized ; and, aside from the article by L6tsch,“ no 
extensive publication has been devoted entirely to this form of the 
disease, although both Meyerding and Elmslie discuss the generalized 
cases in their papers. . . 

It seemed worth while, therefore, to report the subjoined case: first, 
because of the rarity of the condition, especially in the United States, 
and secondly, because of the possibility of correcting some of the 
deformities arising in this disease. At the same time, it was considered 
advisable to collect the reports of general types of the disease in order 
to find what might be learned from them. 


REPORT OF case 

History— A man, aged 23, a lathe operator, was referred, Nov. 14, 1919, 
by Dr. Stanley Cox of Holyoke, Mass., complaining of bowing of the thigh 
bones. Except for the usual children’s diseases, the history was essentially 
negative. He had never had a serious illness, although he had had a sore 


* I am indebted to Dr. Robert W. Lovett of Boston for permission to use 

his records of the case reported in this article. . 

1. Bloodgood, J. C.: Bone Cysts, J. A. M. A. 43; 1124-1 129 (Oct. IS) 19(M: 
Prog. Med. 5:188-192, 200-204 (Dec.) 1903; ibid. 6:181-194 (Dec.) 1904; ibid. 

7:273-280 (Dec.) 1905; Ann. Surg. 12:145-189, 1910. ^ mig 

2. Barrie. G.: Ann. Surg. 61:128-142, 1915; ibid. 67:354-363 (March) 1918. 

3. Silver, D.: Am. J. Orthop. Surg. 9:563-588, 1911-1912. 

4. Meyerding, H. W.: Am. J. Orthop. Surg. 16:253-276 (Sept.) 1918, 

16:367-382 (Oct.) 1918. 

5. Elmslie, R. C.: Brit. J. Surg. 2:17-67. 1914. 

6. Ldtsch, E. ; Arch. f. klin. Chir. 107:1-137, 1915. 
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throat occasionally and frequent colds but no cough. His appetite was good ; 
the bowel movements regular, and he denied venereal infection. Three years 
previously, he had an attack of facial erysipelas, lasting about three weeks. 
At 3 years, he fell and fractured the right femur. Union was good under 
ordinary treatment. At 4 years, the right arm was hit by a swing and broken 


Fig. 1. — Three views of patient showing marked bowing of the femurs with 
shortening of the right leg and equinus position of the right foot. 



just above the wrist. He had no further trouble in any way until he was 12 
years old. At that time he fell, after which he could not walk for two or 
three days. It was six or seven weeks before the pain and limp disappeared. 
At 16, he fell over a railroad track and again broke the right femur. He was 
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n the hospi al six weeks; and the fracture united without complication He 
had no trouble during the subsequent five years, until March, 1919, when he 
egan to have pain just above the right knee, which gradually became more 
severe Some days he could not get up from his chair because of inabilirto 
ex end the leg at the knee. This continued until July, 1919. At that time^ he 
suffered with pain in the left knee, which extended up the thigh into the hip 
and the pain in the right thigh disappeared. The upper portion of the left 
t igh became ^ent and a roentgenogram showed a pathologic lesion of the 
bone. July 21, 1919, while walking, his left foot hit against a clump of grass 
tripping him. He fractured the left femur by this fall and was in the hospital 
eleven weeks. The bowing of the femur was considerably reduced by the 



Fig. 2. — Defects in the frontal and occipital regions. 


treatment of this fracture. In October, 1919, there was a return of pain in the 
right thigh and knee, which had persisted to the time of e.xamination. The 
pain was not severe, did not keep him awake, but was annoying and ‘rheuinatic- 
like.” He walked with a limp on the right side and with the aid of a cane. 

Examination ,- — The patient was well developed and well nourished. There 
was ho apparent pain at the time of examination. No abnormalities were noted 
in the head. The sinuses were not tender on pressure. The pupils were equal, 
reacted to light and on accommodation. There was no nystagmus. The von Grae e 
sign was not elicited. There was no exophthalmos. The extra-ocular nio\e 
ments and the eye grounds were normal. There was no mastoid tenderness, 
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discharge from the ears and no defect in hearing. Breathing was partial!}" 
obstructed on both sides of the nose. The mucous membranes of the mouth 
were of normal color; the tongue protruded in the midline and was clean. The 
teeth were in bad shape; many were missing, and there were a number of old 
snags in the molar region of the upper and lower jaws. The tonsils were 
embedded and somewhat scarred. There was no general glandular enlarge- 
ment. The epitrochlears were not palpable. The thyroid was not enlarged. 
There was no tremor and no tachycardia. 



Fig. 3. — Defects in left frontal region. 


The chest was not quite symmetrical, being somewhat depressed below the 
precordial region and the ribs flared slightly laterally. The percussion note 
and vocal fremitus were normal. There were no rales. The heart was normal 
in position and size. The sounds were regular and clear. No murmurs were 
heard. The heart rate was 70. The pulses were equal and of good volume and 
tension. No tenderness and no masses were detected in the abdomen on palpa- 
tion. No organs were palpable. Rectal examination was negative. The 
genitalia were normal. The spine showed no scoliosis. Movements of fle.xion. 
e.xtension, side bending and rotation were normal. There was no disturbance 
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reflexes were present and equal in the IZ , If r““ “’I 
was normal throughout. both sides. Sensation 

--ian, the right 

fold and the knee joint on the right side to such 

could not get his right heel to the floor (Fig 1 5 Trf P"‘'ent 

SSLd' fl^'^ elTs rat 'd »- 

*„ed. The trochanters were hi,h above ZfTZZ: 



Fig. 4 Beginning changes in the upper humerus and at the junction of the 
upper and middle thirds. 


1C ene . ^ ere was practically no abduction in either hip; adduction was 
norma , exion to a right angle was possible on both sides ; there was no 
rotation of either hip. The knee joints flexed to about 75 degrees; extension 
was complete. 

Measurements were: the anterior superior spine to the malleolus (left) 
35 inches (89 cm.) ; the anterior superior spine to the malleolus (right) 33 inches 
(83.8 cm.) ; the umbilicus to the malleolus (left) 38 inches (96.5 cm.) ; the 
umbilicus to the malleolus (right) 36 inches (91.5 cm.). 
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Tibia measurements were: malleolus to tibia tubercle (left) 14 inches (35.5 
cm.) malleolus to tibia tubercle (right) 15 inches (38 cm.). 

Femur measurements were: anterior superior spine to tibia tubercle (left) 
21 inches (53.3 cm.) ; anterior superior spine to tibia tubercle (right) 18 inches 
(45.7 cm.). 

Circumference .measurements were: thigh (left) 18 inches (45.7 cm.); thigh 
(right) 18^4 inches (47 cm.l ; calf (left) 13)4 inches (34.3 cm.) ; calf (right) 
11% inches (31.3 cm.). 



Figure 5 Figure 6 


Fig. 5. — Changes in the upper end of the right radius and ulna showing 
areas of rarefaction and thinned cortical bone. 

Fig. 6. — Right femur showing marked bowing and coxa vara, foamy cystic 
appearance of bone, no differentiation between cortical and medullary bone and 
a fracture of the midshaft. Compare with Figure 14, one of von Reckling- 
hausen’s original cases. 

Special Examinations. — Urine: The color was high; the specific gravity was 
1.026. The slightest possible trace of albumin was demonstrated by heat test. 
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No positive result was obtained with nitric acid; no sugar was present. No 
Bence-Jones bodies were found on three examinations. There were many 
calcium oxalate crystals. 

Stool; There was no abnormal gas formation and no abnormal odor. The 
reaction was neutral and smears were microscopically negative. 

Blood; One c.c. of venous blood in a tube of 9 mm. diameter clotted in 
five minutes. This may be looked upon as the lowest limit of normal clotting 
time. The clot retracted normally and the blood serum contained no abnormal 
pigments. Hemoglobin waj 80 per cent. plus. The red cells showed no abnormal . 
variation in size. They were perhaps slightly achromic. No polychromatophilia 
was present, nor were any other abnormalities noted. Platelets occurred in 
normal numbers and appeared of normal character. White cells, as estimated 
from blood smears, numbered about 6,000. The differential count was; poly- 



Fig. 7_Both femurs involved, the right more than the left, the process 
differing only in degree. 


morphonuclear neutrophils, 64 per cent.; lymphoc 3 'tes, 30 per cent., and la B 
mononuclears, 6 per cent. The white cells were of normal character. Jno 
eosinophils or basophils were seen. The blood was entirely norma ?Lne 
a trifling secondary anemia. There was no evidence o any is ur 
marrow or hematopoietic function. The Wassermann reaction was 

Roentgen-Ray Roentgenograms were taken o I’ ^ 

all the bones in the body and the following condition was "o^ed; T e p 
of the cranial bones wms of normal appearance; the ^ 

thickened; but scattered through its 

marked in the frontal and occipital regions. These ^Paces wer f 
to pea size and were surrounded by a slightly denser shadow. 
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were unchanged and the bones of the face showed nothing abnormal (Figs. 
2 and 3). The vertebral column showed nothing worthj' of note. The clavicles, 
scapulae, ribs and iliac bones were normal. The right humerus showed at the 
junction of the upper and middle thirds unmistakable earlj' evidence of the 
disease process. Here the cortical bone presented a thinning and spongy cystic 
formation, with slight . reaction about the clear spaces. The periosteum was 
unchanged, and there was no deformity of the bone (Fig. 4). The right fore- 
arm showed beginning changes in the upper third of the radius and ulna, very 



Fig. 8. — Thinning of cortical bone in the fibula ; also large cystic patch in 
the upper end of the tibia and scattered small areas of rarefaction. 

similar in appearance to those observed in the humerus (Fig. 5). The bones of 
the right wrist and right hand were practically without change. Small areas 
of rarefaction occurred in the basal phalanx of the thumb, and in the middle 
phalanx of the index finger. 

Ihe left arm was not examined roentgenographically. The right femur was 
the bone most involved in the disease process. It resembled the shepherd’s 
crook referred to by von Recklinghausen. The whole bone was markedly bowed 
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outward especall, in its „pper and ntiddle portions I, 
expanded ,n width throughout its entire length Th" heaS 
normal appearance, smooth in the joint cavity with „„ 
great trochanter impinged upon the iliac bone kbo.e the Zof" h'''”"'’'^ 



Fig. 9. Right foot with occasional small calcium poor areas, showing dis- 
tinctly the C 3 'sts of the tibia and thinning of the cortical bone of the fibula. 


outlined, in others merging in long streaky lines. There was no medullary 
cavity apparent, the whole area being filled with the spongy substance mentioned 
above. There was a thickening of the cortical bone on the concavity of the 
curve. At about midshaft on the convexity was a beginning fracture with con- 
siderable separation of the outer portions (Fig. 6). The left femur resembled 
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the right in practically every detail of structure. It differed only in the 
lessened degree of the bowing and the coxa vara, and in, the less marked 
evidence of the disease. There was a healed fracture in the midshaft which 
showed a heaping up of periosteal callus and very little deposit of lime. Both 
femurs showed considerable diminution in the lime content (Fig. 7). The 
knee joint on the right showed no involvement. The right tibia showed con- 
siderable evidence of disease throughout its entire shaft. Areas of thinning of 



Fig. 10. — Left foot and leg bones showing diffuse mottled shadows and in 
places very thin corticalis. 


the corte.x occurred, in places only a thin shell of periosteum remaining. The 
medullary cavity was indistinct and merged with the cortical mottled shadow. 
The right fibula was much less involved but showed the beginning disease in 
spots. The cortex and medulla remained indistinct throughout most of its 
length (Fig. 8). The right foot was relatively free, though an occasional 
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of Ae left foot were not extensively involved (plg m 

.as z::TXZtLzr''T » --p- 

because there was f separa.ed LcIrre ,iL L Z 

that the bone was plastic. This line of attack ^ thought 

nis Jine of attack was not very successful, however, 



Fig. 11. Patient after operation; the right femur is much straighter and he 
can put his heel on the ground easily. 


so, Jan. 5, 1920, an open wedge-shaped osteotomy was performed in the upper 
third of the shaft. The periosteum appeared normal and stripped back easily. 
The cortical bone was vascular and relatively soft in consistenc 3 ' on the conve.vity 
of the curve ; but it was necessarj' to use a mallet to drive the osteotome through 
it. No definite medullar 3 ' cavit 3 - was made out. The concavity of the curve 
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was decided^ harder and quite difficult to cut through with the osteotome. 
The incision was sutured with fine silk and the leg was put up in extension in 
a Thomas splint. The postoperative course was uneventful. The femur was 
considerably straightened in its upper portion by this operation. Healing was 
solid in four weeks. The patient was discharged in a plaster hip spica which 
he wore for about three months. 

He reported in October, 1920, for a second osteotomy to be performed on 
the lower part of the curved femur. This operation was performed under 
ether, Oct. 19, 1920. The periosteum was not thickened in the lower third of 



Fig. 12. — Low power photomicrograph of specimen removed at operation, 
showing infiltration of connective tissue, replacing the bony trabeculae, the for- 
mation of small cystic spaces in the connective tissue and the scattered osteoclast 
giant cells. 

the shaft; the cortical bone was fairly soft and vascular. There was a more 
apparent medullary cavitr- in this portion of the bone. The wound was closed 
with fine silk and the leg was put in a plaster cast. Convalescence was 
uneventful. He was discharged in a cast, Oct. 30, 1920. A roentgenogram was 
taken the day of discharge showing the bone alinement to be good. 
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A roentgenogram, taken Nov. 18, 1920, showed the bones in good position with 
considerable callus formation. The cast was removed Feb 23 1921 anrl V, f 
and massage of the knee joint were started. Measurements on thit date were^ 
right, anterior superior spine to malleolus, 35% inches (90 cm.); left anteriot 
superior spine to malleolus, 35 inches (89 cm.) ; right, umbilicus to malleolus 
37 inches (94 cm.) ; left, umbilicus to malleolus, 37 inches (94 cm.). He put’ 
the whole foot on the floor easily and walked without difficulty (Fig 11) He 
wrote m May, 1921, that he was getting about perfectly on his leg and tliat 
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Fig. 13. — High power photomicrograph showing two giant cell osteoclasts, 
fibroblasts of the connective tissue* and a blood vessel in the left center. 

it was as good as new. The knee joint was entirely free in its motion and he 
had returned to his occupation. 

Pathologic Report. — The specimen removed at the first operation was 
examined by Dr. V. C. Jacobson of the Peter Bent Brigham Hospital, Pat i 
ological Department, to whom m3' thanks are due for the photomicrographs ant 
for the following report : “There are three sections showing the same 
The tissue is composed of narrow' anastomosing trabeculae of bone, miic>^^ 
the nature of cancellous bone, separated by large spaces, irregular m - a I - 
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some rather cystic, usually quite filled with a loose reticulum in which lie mox-e 
or less spindle-shaped cells, resembling fibroblasts. These cells form a large 
part of the nonbony part of the tissue and are closely packed along the bone 
trabeculae, where osteoblasts are also present in moderate numbers. Fat is 
still present in these areas, but in small amount and it appears, to be replaced 
by 'the spindle cell growth. A few small capillaries ramif}'' in these spaces and 
hemorrhage is seen to have occurred often. The bone is all of periosteal origin 
and the condition is fairly typical of osteitis fibrosa” (Figs. 12 and 13). 

Diagnosis ; “Osteitis fibrosa.” 

Cultures : “Cultures of the specimens taken at each operation failed to show 
any growth on aerobic or anaerobic culture media.” 

HISTORICAL REVIEW 

Hirschberg," in 1886, is usually credited with having given the first 
description of the generalized type of the condition under discussion, 
although he did not recognize it as a separate entity but thought that 
it was a form of osteomalacia. Von Recklinghausen® followed him 
five years later (1891) with the report of three cases which he con- 
sidered as dififering from the commonly recognized types of bone lesions 
and proposed the name “osteitis fibrosa cystica,” this describing what- 
he believed at that time to be the pathologic process. In 1910 the same 
author in an extensive work, “Untersuchungen fiber Rachitis und 
Osteomalacia,”, reviewed the literature and classified as this disease a 
few cases which were described as osteomalacia with tumors and cysts a 
number of years previous to the appearance of Hirschberg’s article. 
Thus the reports of Froriep,'* 1840, and of Engel,^® in 1864, and 
of Langendorfif and Mommsen,“ 1875, were all included in von Reck- 
linghausen’s latest classification under the term “metaplastic malacia.” 
Sporadic reports have appeared in the thirty years following von 
Recklinghausen’s original description and the total of the recorded 
cases of the general type, excluding the few transitional cases in which 
only two bones have been involved (Bockenheimer,^^ Tietze,^® Ropke,^* 
Pfeiffer,^® Kdrte,^“ R. Johnson,^'^ etc.) is still very small. Ringel,^® in 

7. Hirschberg, K. : Beitr. z. path. Anat. u, z. allg. Path. 6:513-524, 1889. 

8. Von Recklinghausen, F. ; Festschr. Rudolf Virchow, 1891; Untersuchungen 
fiber Rachitis und Osteomalacia, 1910. 

9. Froriep: Chir. Kupfertafeln, Weimar, 9: 1838-1842. 

10. Engel ; Inaug. Dissert., Giessen, 1864. 

11. Langendorff, O., and Mommsen, J. : Arch. f. path. Anat. 69:452-486, 1877. 

12. Bockenheimer, P. : Arch. f. klin. Chir. 81:236-274, 1906. 

13. Tietze, A.: Beitr. z. klin. Chir. 52:495-559, 1906; Verhandl. d. deutsch. 
Gesellsch. f. Chir. 35:167-171, 1906. 

14. Ropke, W.: Arch. f. klin. Chir, 92:126-154, 1910. 

15. Pfeiffer, C. : Beitr. z. klin. Chir. 53:473-495, 1907. 

16. Korte, W. : Verhandl. d. deutsch. Gesellsch. f. Chir. 35:194, 1906; Deutsch. 
Ztschr. f. Chir. 13:42-50, 1880. 

17. Johnson, R., Cited by Elmslie: Reference 5, p. 44. 

18. Ringel ; Deutsch. med. Wchnschr. 44:367, 1918. , 




Fig. 14. — Femur and ulna from Case 5 in von Recklinghausen’s original 
paper, 1891. The femur shows the characteristic bowing and the “shepherd’s 
crooking” of the neck and head; a large cyst in the shaft and white connective 
tissue replace the bone ; the ulna shows three cysts and fibrosis. 



Fi, IS -Skeleton of Case 6 in von Reeklinghansen's original paper, 
showing clmractcristie skeletal eleformit.es. 


1891, 
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1918, asserted that there are about thirt)'^ cases known, and Roth,^® in 
1920, that there are only forty. Barrie,®® writing in the Annals of 
Surgery, in 1920, asserted that there have been but four cases of 
patients with multiple giant cell sarcoma reported in the American 
literature, although cases without giant cell tumors are more numerous. 



Fig. 16 (Case 7 in von Recklinghausen’s article, 1891). — A, tibia and fibula 
with giant cell tumors; B, cyst in giant cell tumor of a rib, and C, femur 
showing giant cell tumors near lesser trochanter and smaller ones in shaft, 
also a fracture line through the midshaft. 


19. Roth, AT., and Volkmann, J. : Mitt. a. d. Grenzgeb. d. Med. u. Chir. 
32:427-453, 1920. 

20. Barrie, G. : Ann. Surg. 71:581-593 (A'lay) 1920. 
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CLASSIFICATION OF TYPES 

On reviewing the literature it becomes at once apparent that there 
are several different types or stages of the disease which have been 
described by various authors. There are certainly two outspoken 
groups, namely the cases with so-called giant cell sarcoma (myeloid 
sarcoma, giant cell tumor, hemorrhagic osteomyelitis, etc.) ; and those 
in which giant cell sarcomatous masses are not present. Fibrosis is 
a factor common to both groups and cyst formation is almost always 
present,' but further subdivision is possible if cases are considered 
with regard to the occurrence of general malacia of the skeleton 
or hyperostosis of a portion of it. It is difficult to make a rigid 
classification as there is so much individual variation and overlapping 
from one variety to the other ; but in general it is possible to group 
the cases according to the following scheme : 

Group 1. — Without giant cell sarcoma: 

A. With multiple cysts, fibrosis and malacia confined to a few 
bones. 

B 1. With multiple C3'sts, fibrosis and predominant general 
malacia. 

B 2. With multiple cysts, fibrosis, general malacia and hyper- 
ostosis. 

Group 2. — With giant cell sarcoma: 

A. With cysts, fibrosis and tumors, but no marked malacia. 

B 1. With cysts, fibrosis and tumors, and marked malacia. 

B 2. With cysts, fibrosis, tumors, malacia and hyperostosis. 

The majority of the cases fall into Group 1 ; and it has been 
possible to find 37 in the literature. Of these, 22 fall into subdivision 
A ; and 8 and 7 fall into subdivisions B 1 and B 2, respectively. In 
Group 2 there are 26 cases, the greatest number of which fall into sub- 
division B 1, 16; the other 10 cases being about equally divided between 
A and B 2. 

Group 1 (A) is characterized by the fact that the disease occurs 
most often in young people, sixteen of the patients being under 30 
years of age. If the first evidence of the process is taken into account, 
it is apparent that the onset is frequently in early childhood. In the 
accompanying table showing the subdivision, the earliest symptom 
which could be considered as referring to the disease has been taken 
as the onset of the process. In this way the origin of many of the 
cases can be traced back to the first 10 years of life. Burchard has 
roentgen-ray proofs of cyst formation in his case at 18 months, and 
Bradfield at 6 years. The oldest patients reported in this subdivision 
are 59 and 51 years of age; and there is evidence that the process m 

21. Burchard, A.: Fortschr. a. d. Geb. d. Rontgenstr. 19 : 113 , 1912. 

22. Bradfield, Cited by Elmslie: Reference 5. pp. 56-57. 



TABLE 1.— Cases in Group 1 (A) * 
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each of these is ten years, or more, old. In general, the course is 
chronic and runs for years without change in its character. The most 
common manifestation of the disease is fracture, this leading to its 
discovery in most instances ; other signs are bowing of the bones and 
tumor. Pain is sometimes a complaint and is usually of a rheumatic 
nature. The bones most frequently attacked are the pipe bones of the 
lower extremities, although the upper extremity is by no means spared. 
Cysts of the skull and ribs occur but not commonly. The bowing of 
the femurs is practically the only sign of malacia in these cases. The 
prognosis is good as to life; no fatalities being recorded for this group. 
The fractures heal well if properly treated; the patients stand operation 
well and the bone reacts to operation much the same as normal bone. 
Deformity is amenable to correction. The diagnosis is made from the 
roentgen-ray appearances, and microscopic section shows marrow 
fibrosis and numerous cysts with here and there a giant cell. Many of 
this group have not had a pathologic examination but have been 
classified here because they most nearly conform to the type. 

In contradistinction to subdivision A, the cases recorded under 
B 1 seem to offer a very poor prognosis, ending in almost every instance 
in death. There are hut few cases recorded from which to draw any 
definite conclusions ; but of these all but one occurred in the female. 
Most of them are reported at a later age ; and there is nothing to indi- 
cate a long chronicity from early years. Two cases reported by 
Joachimsthal and Mesla)'’ are exceptions to the last statement. The 
predominant character of the process is a genereal softening of the 
whole osseous system, a true osteomalacia, indistinguishable clinically 
from the puerperal form of that disease; in fact, all of these cases were 
reported by the various authors as the nonpuerperal type of osteo- 
malacia. Von Recklinghausen has picked them out and classified them 
purely from the pathologic picture presented at necropsy. The symp- 
toms given by this form are marked pain, numerous fractures, rapidly 
increasing deformity and helplessness, so that the patients all become 
bedridden in a short time and remain in a pitiful condition to the end. 
The course is downhill within a few years, with anemia and emaciation 
as accompanying evidence of the severity of the process. No treatment 
known appears to affect the progress of the malady. Diagnosis is made 
from the pathologic finding of a metaplastic picture in the disea.sec 
bones, a marrow fibrosis and cystic formation in addition to t le 
halisteresis or calcium withdrawal. 

Subdivision B 2 is practically identical with the preceding m every 
respect, except for the occurrence of hyperostoses of certain bones, 
notably the skull, making it difficult to differentiate the condition from 


30. Joachimsthal: Verhandl. d. Gesellsch. d. charite Aert.e 17= 191b 

31. Meslay: These de Paris, 1896; Rev. mens. d. mal. d. lent. 15. 







TABLE 3. — Cases in Group 1 (B2) 
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Paget’s disease in some instances. Two of von Recklinghausen’s 
original cases fall into this class. Von Recklinghausen concluded that 
the changes in his cases were all old and secondary to the active disease 
long ceased and that the hyperostosis and hardness of the new bone 
were secondary protective changes. This certainly does not hold for all 
the cases in this group as the active processes of calcium withdrawal and 
bone deposit are going on simultaneously, apparently representing two 
forms of reaction taking place much the same as in normal bone growth. 

Both Groups B 1 and B 2 present deformities that are typical of 
this condition and advanced osteomalacia. The head is bowed down 
and forward, the chin resting on the sternum in the severest cases ; the 
thorax is compressed laterally and bulges forward in a pigeon’s breast 
deformity ; the vertebrae are crushed together under the body weight, 
biconcave, “fish-like” vertebrae resulting; and the normal spinal con- 
tours are accentuated causing kyphosis in the dorsal, and lordosis in 
the lumbar region. Varying degrees. of scoliosis occur. The whole 
result of the spinal change is to allow the patient to “sink together” 
and to make the arms seem disproportionately long for the body. Add 
to this the outward and forward bowing of the femurs and the forward 
bowing of the tibias and the attitude is that which has been aptly termed 
“anthropoid-ape like.” The pelvis shows the most remarkable changes, 
being compressed at the sides, bulging forward at the symphysis in the 
“duck-bill” appearance, and the sacrum protruding into the pelvic 
cavity, giving the pelvic inlet the so-called “heart-shaped deformity.” 

Group 2 (A) is not represented by many reported cases, and Barrie 
was able to find but four in the American literature. One of these has 
been classed under Group 1 (A) because of inadequate pathologic 
examination. The only evidence we have that there were giant cell 
tumors in this case (Harting-^) is a report of KanaveO^ which came 
out a year later and states that in both cysts operated on “a granu- 
lomatous type of tissue was found.” Barrie’s case is remarkable in that 
there were no cysts present but numerous solid tumors, which he con- 
sidered hemorrhagic osteomyelitis and which Ewing called giant cell 
sarcoma of the epulis type. In Crile and Hill’s case there is no 
mention made of cysts in the original report; but Dr. I. S. Hirsch of 
New York saw the same patient ten years later and said that “the 
roentgen ray showed multiple multilocular cystic tumors which had the 
typical appearance of what we now recognize as giant cell tumor.” 
Haussling and Martland’s patient had a cyst in the right humerus. 
The foreign reports which seem best to fit into this class are those of 

41. Kanavel, A.: Surg. Gj'nec. & Obst. 20:745. 1915. 

42. Crile, G. W., and Hill, W. C: Surg. Gynec. & Obst. 3:57-61, 1906. 

43. Haussling, F. R., and Martland, H. S. ; .\nn. Surg. 63:454-464 (April) 
1916. 



TABLE 4.— Cases in Group 2 (A) 
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von Haberer/^ Werndorff'*® and Wrede,'*® There is no definite age 
of onset, the age in the reports yar)dng from 9 years to 50 years; but 
the tumors may run a course of several years without injuring the 
health. The distribution is quite general and it does not seem satis- 
factory to attempt to classify by regions as Elmslie has attempted. 
For instance, tumors of the jaw may arise in young or old and may 
run a rapid or chronic course. 

The symptoms most often given are swelling, deformity, pain and 
fracture. The tumors do not seem to affect the course one way or 
ariother ; there is no tendency to malignant change or to metastasis ; 
but local recurrence is common unless operative removal is thorough. 
Bloodgood ^ has demonstrated, however, that a local operation is all 
that is necessary, even in recurrent growths. The bone reacts well 
to operation and tends to fill in the defect with solid tissue. Large 
tumors can be excised and bone grafts substituted with satisfactory 
results. The prognosis is good in all cases in this class. 

There is some factor present in divisions B 1 and B 2 which causes 
a widespread malacia and a very severe general reaction. The resem- 
blance to the corresponding divisions of Group 1 is striking. One of 
von Recklinghausen’s ® original cases and both of his 1910 cases fall 
into division B 1, as well as Hirschberg’s " case, which is often referred 
to as the first description of the disease. Apparently, the occurrence 
of giant cell tumors in osteomalacia is sufficient to classify the case 
as osteitis fibrosa and many of the sixteen cases which have been put 
in B 1 were originally described as osteomalacia with cysts and tumors. 
The disease originates later in life, as a rule, being noticed after 30 
years of age in almost all of the reports. The symptoms are pain, 
fracture and deformity, and the course is downhill. The patients 
become weak, anemic, emaciated and bedridden. Death follows in 
practical^ every instance after a period of suffering. On section the 
tumors may be few or numerous — quite a number of cases have but 
a single small tumor, whereas in others the skeleton is peppered with 
growths. The tumors seem to bear no definite relation to the severity 
of the disease. 

Division B 2 differs from B 1 onl)^ in the occurrence of hyperostoses 
and thickening of the skull, which make it necessary to differentiate 
this condition from Paget’s osteitis deformans. There are but four 
of these cases. Perhaps a better classification would place in one 
group all cases with marked malacia, irrespective of the presence or 
absence of tumor growth, for Groups 1 (B) and 2 (B) are similar; 

44. Von Haberer, H. : Ztschr. f. Chir. 31:1323, 1904. 

45. Wernclorff, R. ; Ztschr. f. orthop. Chir. 32:122-133. 1908. 

46. Wrede: Verhandl. d. deutsch. f. Chir. 51:73-74, 1912; Zentralbl. f. Chir. 
35:1400, 1908. 
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and in a like way all cases with local, softening only, because Groups 
1 (A) and 2 (A) are also much alike. .But in working through the 
numerous and confusing reports, the different factors were separated 
and cases assoited as nearly as possible by the presence or absence 
of these conditions. 

PATHOLOGY 

In his earliest description von Recklinghausen ® regarded the disease 
as an inflammatory process, a chronic productive inflammation whereby 
fibrous tissue was substituted for bone structure, resembling in this way 
fibrous myocarditis or liver cirrhosis. In his later work he changed his 
belief and thought that he Avas dealing with a metaplasia of existing 
tissue and a calcityn withdrawal. Whichever view is correct the 
pathologic picture is fairly constant. It is characterized by the 
building of a fibrous marrow which extends through the spongiosa 
strands and works its way into the cortical bone. This young fibrous 
marrow consists of finely fibrillar thready connective tissue with few 
nuclei, and is usually not vascular. In places it becomes infiltrated 
with round cells and appears as an obvious granulation tissue. The 
process of resorption goes on hand in hand with the new formation of 
tissue, differing from the normal in the persistence of the osteoclast 
giant cells, which gather together in small clumps. There is also 
some barrier to the deposition of calcium salts so that the bone formation 
remains in the osteoid tissue stage instead of going on to completion. 
The result of this resorption is that the bone is left weakened and 
softer than normal so that a true malacia occurs. A further step is 
the formation of cystic spaces, in the poorly vascularized connective 
tissue. This is explained by von Recklinghausen ® and Fujii as 
simple atrophy and rarefaction through softening. The cysts always 
lie in the middle of the fibrous marrow at first and their walls are 
formed of thick fibrillae of this tissue, having a concentric arrange- 
ment and bound together by short strands. True epithelial or endothelial 
linings are lacking; but in spite of this the cavity walls are fairly 
smooth. The contents are usually fluid — thin or gelatinous, Avater 
clear, yelloAv or reddish according to the amount of blood extravasa- 
tion. The changes noted occur in the beginning in circumscribed 
patches in individual bones. The Avhole bone becomes im'^olved latei 
by broadening out and confluence of the pathologically changed places. 
The epiphysis and periosteum, as a rule, remain unchanged. The 
metaphysis in young bone and the diaphysis in formed bone seem to be 
the places of predilection. 

The formation of the giant cell tumors may or may not be extensive. 
In all cases, giant cells are present, but in one group in not sufficient 
numbers to form tbe masses of broAvn red tissue AAdiich has receiAed 
so many names and caused so much controversy as to its nature. 
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There have been several quite divergent views as to the origin of these 
cells. Adami believes that they are myeloplaxes and that they 
differ from foreign body giant cells in the even distribution of their 
nuclei throughout the cell body and in the absence of central degenera- 
tion of the cell, and that they differ from parenchymatous (true 
tumor) giant cells in that their nuclei are well formed, of uniform 
size, and lack mitotic figures. Mallory,®^ on the other hand, considers 
them to be foreign body giant cells due to fusion of endothelial 
leukoc}i:es and attracted into the tumor by the presence of lime salts 
which the}^ dissolve and remove. Both observers agree that they are 
similar to the osteoclasts normally present in Howship’s lacunae. 
Barrie has reproduced the medullary giant cell sarcoma experi- 
mentally by embedding a piece of sterile gauze in the bone marrow, 
and he agrees with Mallory as to the origin of these cells. He believes 
that they will be found wherever a suitable irritative agent is present 
and he regards them as evidence of a chronic nonsuppurating form 
of osteomyelitis. Haussling and Martland are inclined to support 
Barrie’s contention. Lubarsch attempts to differentiate the giant 
cells in epulis, giant cell sarcoma of the long bones and giant cell build- 
ing in osteitis fibrosa. He argues that in the first two conditions 
abundant pigment is present but never inside the giant cells; that in 
epulis the giant cells are uniformly packed together, and that in giant 
cell sarcoma of the femur and tibia one finds considerable polymorphism 
of the cells — hyperchromatic and irregular nuclei — mitoses, etc., are 
never wanting. In osteitis fibrosa, on the contrary, the giant cells are 
more or less full of pigment ; the}'- are irregularly distributed, clumped 
in one place and lacking in other places ; mitoses are always wanting, 
also polymorphism, and there is seen a distinct transition of fibrous 
tissue to giant cell formation. Von Recklinghausen ® disagrees entirely 
with this view and considers both epulis and giant cell sarcoma of the 
long bones to be the products of osteitis fibrosa. 

There is abundant pathologic and clinical evidence at hand now, 
however, firmly to establish the benign nature of these giant cell 
growths. They grow locall)" only, do not metastasize, recur only on 
incomplete removal, and may be removed by local operation several 
times if necessary. The growth is expansive, leading to absorption 
of the surrounding bone and only very seldom breaking through the 
periosteum. Hemorrhage and tissue infarctions are common findings 

60. Adami, J. G. : The Principles of Pathology, Ed. 2, Philadelphia, Lea & 
Febiger, 1910, vol. I. 

61. Mallory, F. B.: Principles of Pathologic Histology. Philadelphia, \V. B. 
Saunders Company, 1914. 

62. Barrie, G.; Ann. Surg. 65:151-158 (Feb.) 1917. 

63. Lubarsch. cited by Gaugele; Reference 49, pp. 968-971. 
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in and around the giant cell collections and there is probably some 
relationship between the two. Barrie believes that hemorrhage is an 
essential part of the production of the giant cell growths. The extrav- 
asated blood may well act as an irritant and attract these cells to its 
neighborhood, where they certainly appear do function as scavengers 
loading their cytoplasm with blood pigment. Blood pigment occurs 
also free in clumps in the tissues and is a sure evidence of old 
hemorrhage. 

Where large collections of these cells have a poor central blood 
supply, softening occurs and cyst formation takes place. Thus in the 
second large group — fibrosis with tumors, two varieties of cyst may be 
found. Monckeberg has called attention to these : 

1. Fibroma cyst — smooth softening with slight growing tendency, 
very little or no pigment, and marked proliferation in the surrounding 
bone. 

2. Giant cell sarcoma cysts, arising through softening and extrav- 
asation of blood, rich in pigment, which showed great growth tendency, 
marked absorption of surrounding bone. 

In the very extensive involvement of the skeleton the calcium with- 
drawal leads to marked changes. The bone loses its hardness, is liable 
to fracture and becomes bowed and deformed in many places. The 
softness is so marked that it is often possible to cut the bone with a 
knife at necropsy. The cortex and marrow melt into each other and 
cannot be differentiated. The characteristic deformities have been 
discussed under classification. 

The pathologic fractures which are so common heal well and 
within normal time limits in spite of the changes in the bone. This 
is explained by the integrity of the periosteum which seems to be 
remarkably spared in this disease. Osteotomies heal well and Hart- 
mann has noted oftentimes an exuberant callous formation with long 
persistence. 

The pathology of the internal organs shows practically nothing of 
moment. There is a decided contrast between the extensive pathologic 
condition of the bone and the relatively normal general findings. 

Fujii asserts that he is able to differentiate pathological^ between 
osteitis fibrosa and osteomalacia, and offers the following criteria: 

Osteomalacia — This is marked by typical broad smooth osteoid 
seams without giant cells ; bone corpuscles in general sparse and dis- 
tributed irregularly, in the peripheral part of the bone framework, 
oftentimes wanting; bone framework, short, plump and scanty, bone 
marrow shows no connective tissue change. 

Osteitis Fibrosa . — This is identified by small osteoid margins with 
formation of numerous lacunae which are filled with more or less 
numerous osteoblasts ; bone corpuscles numerous and distributed regu- 
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fracture places where it often heaps up a well marked callus. The 
epiphyses and joint surfaces also tend to remain unaffected. The 
cortex and marrow cavities show marked changes; the latter shows 
widening and irregularity in outline, and in places a mottled appearance, 
with here and there clear spaces which do not seem to have any 
calcium content. The cortical bone is also irregular, mottled, and in 
places thinned to a few millimeters only or destroyed. It is impossible 
at times to tell where the cortex leaves off and the marrow cavity 
begins, the process becomes so confluent. The whole bone picture 
is also striking because of the washed-out calcium content which 
gives a general translucence, and a honey-combed picture where 
cystic changes have occurred. Occasionally, cystic cavities show fine 
septal bridges making compartments, which some of the French 
observers compare to the cut surface of a tomato. Taken as a whole, 
the translucence of the bone, tbe irregular, rarefied patches and long 
porous streaks, the enlargement of the marrow space, and the replace- 
ment of the cortical bone and its lack of definition from the marrow 
cavity constitute a picture not liable to be mistaken for any other 
condition. The bony deformities are marked, and the bones are 
angulated where fractures have occurred so that a smooth curve is not 
the usual finding. The bones show expansion and reinforcement on 
the concavity of the cortex, but the latter never of marked densit)’', 

The roentgen-ray diagnosis from osteomalacia is not possible in 
one group of cases; the other offers no difificulty. Osteomalacia is 
usually a condition of marked calcium withdrawal and presents a 
uniform thinned shadow scarcely more dense than the surrounding 
soft parts. The cortical bone is regularly atrophied ; cystic spaces occur 
but rarely, and fractures remain with very little sign of healing. 
Deformities are angular and the bone looks crumpled and bent, as if 
putty-like. 

Pasret’s disease of the bone is in decided contrast, with its rough, 
irregular periosteum, tremendously thickened subperiosteal cortical bone, 
often two or three times the normal, marrow space that is mottled and 
gives a cloudy, furred, smoky appearing shadow generally distributed 
over the whole bone even to the epiphyses and joint surfaces, smooth 
even curves to the deformed bones, well healed fractures when they 
occur, and is especially distinctive with its markedly thickened cal- 
varium which looks as if it were filled with cotton wool or rolling 
smoke. Cystic spaces do occur but are rarely more than 1 or 2 cm. 
in diameter. The outstanding feature is proliferation in this condition; 
the predominant thing in osteomalacia is calcium withdrawal, the 
so-called “bone-atrophy”; and the latter condition with bone replace- 
ment by cystic cavities, and tumors characterizes osteitis fibrosa cystica. 
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DIAGNOSIS 

In one group of cases, diagnosis is made from the onset in early 
life, the chronic course, the absence of symptoms, the occurrence of 
fracture from a trifling injury, the good healing, and the characteristic 
roentgenogram. The slowly developing deformity of one or more bones 
is also a feature. 

In the second group, the onset occurs later in life and practically 
all the cases have been described as osteomalacia, from which it is 
distinguished by microscopic examination of tissue. This is a very 
much more severe type of involvement and the general condition is 
bad ; the deformities are marked and crippling, and the suffering 
-is intense. 

DIFFERENTIAL DIAGNOSIS 

There are two conditions that may simulate generalized osteitis 
fibrosa cystica, and these are differentiated without much trouble. 

The first of these diseases is osteomalacia, which exists in two 
general forms, the puerperal and the nonpuerperal. The puerperal 
form of the affliction comes on usually after twenty years in wonicn 
who are pregnant or who are in the puerperium, and manifests itself 
first in the pelvis and bones in relation to it. There is a softening 
of these skeletal parts, often accompanied by pain and tenderness over 
the affected regions. Deformity of a characteristic type follows cptite 
rapidly, the gait becomes waddling and uncertain, and the patients 
cannot get about with facility. The kyphoscoliosis, sinking in of the 
sternum, decrease in height, heart-shaped pelvis, bowed femurs with 
sharply contoured angulations, and the evidence of general metabolic 
disturbance — anemia, and emaciation — are not seen in any other con- 
dition, except one of the forms of generalized osteitis fibrosa, from 
which no distinction can be made in life. The nonpuerperal form 
may occur at any time of life, and is in no way different from the 
description given above. It may occur as juvenile or senile osteo- 
malacia, though both these groups have been questioned, especiall}^ by 
von Recklinhausen. The roentgen-ray appearances serve in the differ- 
ential diagnosis. 

Paget’s disease comes on later in life as a rule, though cases have 
been reported in the early twenties. It is more common in men ; the 
course is a steady, slow progression, and does not go by fits and starts 
as in generalized osteitis fibrosa. Fracture is a relatively rare 
occurrence, in decided contrast to its frequency in osteitis fibrosa 
cystica. Cysts when they occur are very small, the skull is more fre- 
quently involved and the roentgenogram is entirely distinct. 
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PROGNOSIS 

The groups of the disease not associated with general malacia, 
whether with or without giant cell tumors, have a very favorable out- 
look. The course is long and the progress slight. The fractures heal 
well, and deformed bones can be straightened by operation. This group 
of patients are not disabled by the disease unless malunion or non- 
union results from fracture. 

The other group in which general malacia plays a leading role has 
a much less promising outlook. The disease progresses with disabling 
deformities and pain, and, though it may extend over some years, it 
is in other cases quite rapid. The termination is with wasting anemia 
and bedridden invalidism. 

TREATMENT 

Nothing is known that will check the underlying metabolic process. 
The use of phosphorus and arsenic has not been successful in this 
class of cases. Calcium feeding does not seem to be of any use. 
Organotherapy can be tried; but reports are conflicting as to its value.. 
Removal of the ovaries has led to no beneficial results. The treat- 
ment of symptoms is indicated whenever opportunity arises. Pain 
should be controlled if necessary by use of coal tar products; opiates 
should not be used on account of the chronicity of the condition. Frac- 
tures should be splinted as in ordinary cases unless a chance is offered of 
correcting the deformity by this means. Osteotomy should be resorted 
to freely and without anxiety as to the result when marked deformity 
demands correction. Malunion and nonunion of fractures have been 
successfully treated by freshening the ends and by the use of bone 
grafts (Meyerding *). 



ACUTE HEMATOGENOUS OSTEOMYELITIS 


CLARENCE L. STARR, M.D. 

TORONTO, CANADA 


I 


In view of the fact that an early diagnosis is rarely made in cases of 
acute osteomyelitis, and that the recognized textbook treatment of this 
condition in the early stage is open to question, it seems desirable that 
the subject should be reviewed and the experience of a large hospital 
clinic placed before the surgical public. 

The condition which we call osteomyelitis is essentially an inflamma- 
tion of all the structures of the bone, and really should be designated 
a periosteomyelitis. It seems incredible that an acute infection could 
be limited to the cancellous bone or to the periosteum, in view of the 
easy access and free communication between these by means of the 
haversian canals and para-epiphyseal line. 

ANATOMIC CONSIDERATIONS 

It is necessary in studying this problem to remember some of the 
anatomic features as they relate to bone growth and development. The 
circulation of an ordinary long bone, as described by Lexer, is derived 
from three sources : 

The nutrient artery enters the shaft at about its middje.-^'nd divides, 
sending branches to either extremity, which, after numerous divisions, 
end in fine capillaries near the juxta-epiphyseal line of metaphysis. 

The epiphysis gets its blood supply from the cortical branches, which 
find their way in from the cortex along the epiphyseal line and are dis- 
tributed to the whole of the epiphysis. 

The cortex of the entire shaft receives its. nutrition from the peri- 
osteal vessels. '' 

The epiphysis in each long bone is, in most cases, not united by bone 
until early in adult life. The growth takes place on the diaphyseal 
side of the growing line, as can be demonstrated by an attempt to sep- 
arate the epiphysis. 

By forcibly tearing off the epiphysis from the shaft in the growing 
bone, it is seen that the separation takes place at the diaphyseal side 
of the epiphyseal line, and leaves an irregular series of indentations. 
In the child, the periosteum continued down from the shaft dips into the 
epiphyseal line and becomes densely adherent at this point. This con- 
dition prevents, in most cases, direct extension of infection to the joint. 


ETIOLOGY 

Osteomyelitis is practically always a blood-borne infection from a 
primary focus situated elsewhere in the bod}’. This primary focus may 
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be the tonsils or mouth cavity, but much more frequently some local 
infection of the skin, as boils or infected wounds and cellulitis. The 
commonest type of organism is Staphylococcus aureus and some strains 
of the streptococci. 

The blood stream infection is most frequently transient and cul- 
tures may be obtained but rarely. When the blood culture is positive 
and repeated, a general septicemia results, and recovery is uncommon. 

The element of trauma must play a part in determining the seat of 
invasion. When one remembers that it is possible to wrench an epiphy- 
sis in a growing child sufficiently to produce pain or even hemorrhage 



Fig. 1. — Drawing from photomicrograph, showing usual type of bone 
inflammation. 


into the line of growth, it is easily seen that the resistance will be low- 
ered at this point, and a good culture medium provided as well. Hence 
it is probable that an injury may be the determining factor in localizing 
the site of invasion. 

In our experience, the bones primarily affected are, in order of fre- 
quency, the upper end of the tibia, the lower end of the femur, the 
lower end of the tibia and fibula, the lower end of the humerus, tie 
upper end of the femur, the lower end of the radius, and then the 
ulna, the bones of the tarsus, the crest of the ilium and the scapula, in 

that order. 
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These findings strengthen the view that trauma is a distinct factor 
in the disease, as it is noted that they show a greater percentage of inva- 
sion at the points most subject to injury. The lower extremity shows 
a higher percentage than the upper, and the neighborhood of the knee 
the greatest of the lower extremity. 

AGE 

Acute osteomyelitis is essentially a disease of childhood. It occurs 
at this period because the actively growing bone is less resistant to 
infection than adult tissue, and because trauma at the epiphysis is pos- 
sible only at this age. 

It is extremely rare to find osteomyelitis in the adult, aside from 
that due to direct injury to bone and primary infection, such as is found 
in compound fractures and bullet wounds. The commonest age is from 
2 to 10 years. 



Fig. 2. — Schematic representation of a long bone, showing direction of pos- 
sible spread of infection from the metaphysis (para-epiphyseal or juxta-epi- 
physeal region). (From Choyce, System of Surgery.) 

SEX 

Bo 3 '^s are slightly more frequently affected than girls, possibly 
owing to increased opportunity of injury. 

PATHOLOGY 

It is obvious that a true conception of the pathology of this condi- 
tion must be built up, as upon this the treatment to be adopted neces- 
sarily depends. Our experience does not entirely correspond to the 
average textbook teaching, hence it is presented in more detail than 
might seem essential. 

The offending organisms are carried through the blood stream to 
reach the finer capillaries in the juxta-epiphyseal region of a long bone. 
If the general resistance of the individual is lowered by ill health, 
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and the local resistance is lowered by trauma, the infective process is 
started, and a small inflammatory area in the cancellous bone near the 
epiphyseal line results. This area shows the usual type of bone inflam- 
mation, as IS illustrated by Figure 1. 

The commonly accepted view is that from this focus the infection 
spreads with greatest rapidity through the cancellous bone to the 
medullary canal, and m a few -brief hours may involve the whole 
interior of the shaft. Then it is said to spread outward through the 
haversian canals to the periosteum, and to undermine this structure. 



Fig. 3. — Necrops}" specimen, showing early focus of infection in the tibia. 

That it may spread downward through the epiphysis, and at times 
under the capsule of the joint, where it invades the joint, is also 
generally accepted. 

Figure 2, taken from Choyce’s System of Surgery, illustrates the 
commonly accepted view of the spread of infection. It is noted in the 
diagram that the chief spread is through the cancellous tissue into the 
medullary canal. In the text it is stated that “infection tends to spread 
through the cancellous tissue into the medulla, and perhaps also down 
under the periosteum.” 
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In our experience, the focus of infection located in the metaph)'sis 
spreads fairly rapidly along the line of the epiphysis to reach the perios- 
teum. Frank pus is here formed, and the infection spreads rapidly 
under the periosteum, stripping this structure from the bone surface. 
It spreads less rapidly through the cancellous tissue to the medullary 
canal, and the medullary canal is more frequently invaded through the 
haversian canals, secondarily to the periosteal infection. 

This seems to be susceptible of demonstration by necropsy speci- 
mens which have been recovered from patients d)dng early of general 
septicemia, from roentgen- ray findings of the cases seen at all stages, 
and from animal experiments. 



Fig. 4. — Necropsj' specimen, showing early infection with inflammatory 
changes, marked at the periosteum and epiphyseal line. 

The tibia shown in Figure 3 was recovered at necropsy from a 
child, aged 2 years, who died of septicemia forty-eight hours after the 
onset of symptoms. It is readily noted in the specimen that the focus 
of infection is just above the lower epiphyseal line, and of compara- 
tively small extent. The gross appearance shows the inflammatory 
area localized in this region. The microscopic section shows large colo- 
nies of cocci in the same area, with marked infiltration of the cancel- 
lous tissue by large mononuclear leukocytes, and already some degener- 
ation showing areas of necrosis. Higher up the shaft and in the 
medullar}’’ canal, there is no gross appearance of inflammation, and 
the sections show no organisms or evidence of inflammatory change. 

The periosteum shows intensive infiltration in the neighborhood 
of this focus, and. as shown in the illustration, is stripped completely 
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0 ™he“’Lft''’' rt "“'■‘5' circumference 

Of the shaft There is marked inflammatory change throughout the 
whole area of the stripped periosteum. 

The culture from this pus showed a hemolytic streptococcus nnrl 
a culture from the blood of the patient before and after death showed 
the same organism. 

The specimen shown in Figure 4 was obtained at necropsy from an 
older child who died, on the third day after the onset of symptoms, of 



Fig. 5. — Photomicrograph of section from specimen shown in Figure 4. 


acute septicemia. This shows even more characteristically the points 
brought out in Figure 3, but the periosteal stripping is not so extensive. 
The gross appearance shows an irregular area of gray necrosis, sur- 
rounded by dense infiltration of the cancellous tissue and an extension 
to the periosteum, with periosteal stripping for about 3 inches (7.6 cm.) 
up the shaft, and about two-thirds around the circumference of tie 

shaft. 
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Figure 1, and the microscopic sections, present the microscopic 
appearance of this specimen and show a marked inflammatory process 
in the cancellous portion of the bone, concentrated and apparently most 
acute at the epiphyseal line. There are large colonies of cocci, with 
marked infiltration of the cancellous bone with large mononuclear leu- 
kocytes. Many of these have degenerated, leaving masses of necrotic 
material. There are large numbers of giant cells or osteoclasts in this 
area, which have dissolved the bone salts and left little depressions. 



Fig. 6. — Photomicrograph of section from specimen shown in Figure 4. 

The inflammatory exudate extends outward, and involves the 
periosteum on each side, showing diffuse and focal areas of infiltration 
with these large mononuclear cells. In the periosteal area, there is a 
moderate endarteritis, and some of the lymphatics are filled with cocci. 
Small areas, as indicated in the illustration by rings, show varying 
concentration of inflammation, greatest at the epiphyseal line and along 
the periosteal margins, as shown in Figures 5. 6. 7, S. 9. 10. 11 and 12. 
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Figure 13, taken at the highest point of the cancellous tissue, near 
the center and approximating the medullary canal, is shown- free from 
inflammatory exudate. 

ROENTGEN-RAY FINDINGS 

There are several facts of importance in the study of the roentgeno- 
grams. 

1. Roentgen-ray findings are always negative in the early stages. 
It is not until gross destruction of cancellous bone has taken place, or 
until new bone begins to develop as an involucrum, that the roentgeno- 
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taken one month after onset, and the physician had evacuated o,.. f 
under the periosteum on the seventh day The relief nf te 
the periosteum had at once limited tl Jeii’ i.: of t dirseT 5; 
m the medullary area and under the periosteum. ^ 




Fig. 10. — Photomicrograph of section from specimen shown in Figure 4. 

3. Roentgenograms of still later cases, when the tension of pus 
under the periosteum has not been relieved, show a characteristic 
“spotty” infection, as if the organisms had been poured through the 
cortex at various places. This is well shown in Figure 15, where the 
periosteum was not incised until nearl}’^ entirely stripped. 
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chemically produced with croton oil, sealed with agar and planted in 
the bone near the epiphysis, as employed by Bancroft and Clarke. 
These experiments succeeded in demonstrating the process of destruc- 
tion and sequestration, but were not satisfactory as proof of the spread 
of infection. It was found that by tying off the appendix and its 
mesentery in the dog a general peritonitis is produced. The organisms 
from this infection if injected into a nutrient artery or into the trauma- 
tized metaphysis will produce an acute osteomyelitis in the growing 
dog. In every case the dog has died within forty-eight hours, but the 
osteomyelitis is characteristic. The periosteum is rapidly stripped, 
with findings similar to the sections shown. 

No dogs lived long enough to allow the production of later changes 
and sequestration; but it is quite apparent that the early changes are 



Fig. 13. — Photomicrograph of section of cancellous bone near medullary 
canal (Fig. 4). 

in the nature of an inflammatory condition along the epiphyseal line, 
with rapid extension to the cortex, and frank pus under the periosteum. 

From the foregoing presentation of early pathologic changes shown 
from human necropsy specimens, from the roentgen-ray findings of 
cases of longer standing, and some of late cases, and from the 
correspondence of the findings in the animal experiments, it seems 
reasonable to conclude, that, for the most part, infection starts in the 
metaphysis or diaphyseal side of the epiphyseal line; that it extends 
most easily along the epiphyseal line to the cortex and the periosteum ; 
that it readily and early strips the periosteum, with increasing tension 
as more pus is formed; that wdth increased tension the infection 
probably spreads backward through the haversian canals at various 
levels, and invades the medulla from the cortex, giving this spotty 
character to the shaft infection. 
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That a serous synovitis occurs from adjacent infection, and con- 
sequent hyperemia of the synovial membrane, is unquestioned; but 
these will usually subside without aspiration or incision. 

The changes occurring in the later stages are so well known that 
they need no elaboration. The formation of a bony wall or involucrum 
on the under surface of the periosteum, the sinuses passing through 



Fig. IS. — Roentgenogram of same case as that shown in Figure 14, six 
months later. 

this bony covering, the gradual separation of the necrotic area or 
sequestrum by a layer of granulation tissue forming between the living 
and dead areas, are conditions which are well described m most text- 
books. 
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and marked edema develop. With these there is a corresponding 
increase in the, toxic .symptoms. 

DIAGNOSIS 

The diagnosis must be made on the signs present. Severe pain 
in the neighborhood of a joint, with a spot of extreme tenderness, in 
a growing child is extremely significant. If it is accompanied by high 
fever and rapid pulse, with high blood count, the diagnosis is moder- 
ately certain. 

It is so essential that an early diagnosis be made, that one should 
be constantly on guard. 'J'he roentgen ray is of no assistance in early 



diagnosis. Valuable time is consumed, which means more and more 
bone destruction. Salicylates should not be administered if time is 
lost thereby. 

In rheumatism the onset is not usualljf so severe, nor the pain so 
excruciating. There is no sharp point of localized tenderness, and the 
pain is articular, not in the neighborhood of the joint. There is almost 
immediate swelling of the joint in rheumatism. 

An infectious arthritis is sometimes confusing; but the joint mani- 
festations are usually sufficient to differentiate this condition. There is 
muscle spasm, limited movement of the joint, and early swelling of 
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the synovial pouch. In osteomyelitis the joint is usually free of swell 
S;s ^f if g'=”% attempted. Do not wait 

Of course ,{ these are present when the patient is first seen, the, 
render the diagnosis still more certain. 


Fig. 19. — Arm of patient on admission. 


TREATMENT 

The diagnosis being made early, treatment should consist of incision 
over the area of greatest tenderness, through the skin, subcutaneous 
tissue and periosteum to the bone. Care should be exercised to keep 
the incision clearly on the diaphyseal side of the epiphysis to preserve 
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the periosteal aUaclimenl to the epiphyseal line. This safeguards to 
a large extent the possibility of extension to the joint. 

If frank pus is encountered, our c.xpericncc shows that this incision 
is sufficient, if a drain is kept in for a time. If no gross pus is 
encountered, the periosteum is .stripped for a short distance on either 
side of the incision, to he sure that the incision is not in the wrong 
place. 

If still no frank pus is seen, a .scries of possibly three drill holes 
is made from the corle.x, obliquely downward toward the epiphyseal 
line. These arc about one fourth of an inch (6.4 mm.) apart up the 
cortex, and extend at least into the center of the shaft at the epiphy- 
seal line, as shown in the diagram (Fig. 18). 

Cultures from the debris removed from these drill holes always show 
infective organisms, even though free pus is not obtained. These 
establish clear lines of Ica.st resistance, and within twenty-four hours 
pus is draining freely. 

In no case have we opened the medullar}' canal, and in all cases the 
infected bone seems limited to the area present at the time of establish- 
ment of drainage. 

The treatment, usually advocated, of trephining an opening into 
the medullary canal, 2^-2 inches (6.4 cm.) or more up the .shaft, seems, 
in the light of our experience, to be pernicious. 

If the periosteum is opened and holes drilled into the shaft at the 
metaphysis (Fig. 18), one can hope to relieve the symptoms and prevent 
necrosis suflicicnt .to produce sequc.stration. Even if free pus has 
stripped the periosteum, if it is confined to a small area, regeneration of 
the necrotic area may take jdace without sequc.stration. The subjoined 
case illustrates this type. 

A. B., a boy, aged 12 year.s (Fig. 19), bad sore tbroat, bcadacbe and cervical 
adenitis, one week before onset of symptoms in the arm. Two days before 
admission he bad pain, which increased in severity just above the left elbow. 
Slight swelling was noted the day before admission. 

On admission be bad pain just above the left elbow, some swelling and red- 
ness over the inner aspect of the humerus, with pitting on pressure and exquisite 
tenderness. Movement at the elbow was nearb' complete in range, and only 
painful when the arm was e.xtcnded to its e.xtreme length. The temperature 
was 103 F. : the pulse 150; respirations 30; white blood cells 24,000; poly- 
morphonuclear leukocytes 98 per cent. 

A free incision over the inner side of the lower end of the humerus, above 
the epiphyseal line, opened a cavity containing Vs ounce (15 c.c.) of pus. 
Culture from this pus showed a hemolytic streptococcus. A blood culture taken 
at the same time was sterile. 

The boy bad a rapid convalescence, and was discharged from the hospital 
at the end of three weeks, with the wound healed. It has remained healed 
ever since, now one year. 
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^ Figure 20, a roentgenogram taken four months later slm, 
thickening and no cancellous tissue change. Penosteal 

In the senes of patients under treatment there are six that hn 
een simi arly treated; and the wounds have healed in three or four 
veeks without a sequestrum being formed. There are also three patients 
with positive blood cultures on repeated examination, who recovered 
t greater or less sequestration of necrotic bone. 



Fig. 20. — Arm of patient, four months later. 


In the later stages the plan of treatment adopted is this: After 
efficient drainage has been established, operation is dela)'^ed until the 
sequestrum is separated. Then a channel sufficientl}’^ large to remove 
the sequestrum is chiseled through the involucriim ; the cavity is gently 
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curcUcd uiili! il is free of dirty »rami!alions ; the cavity is sponged with 
iodin, and i)acl<ed tiglitly for forty-eiglit hours with iodoform gauze 
after which all packing and drains arc removed. If the cavity left is 
loo large to lill easily hy granulation, the edges are made saucer- 
shai)cd, or flattened, to iiermit the .soft tissues and periosteum to fall in 
and obliterate it. 

It is rare to find in hematogciKuis osteomyelitis the large central 
cavities that one finds in osteomyelitis near the extremity of a long 
bone following a gunshot wound, which can bc.'^t be obliterated by a 
transplanted muscle jlaj). 

The ])raclicc of atlemjiting to chisel away necrotic bone before it 
has delimited itself is to be comlemncd, as it is impossible to determine 
where the necrotic hone ends and where the living bone begins. Living 
bone is thus cither taken away or necrotic hone left. 

In the operation of malcing a depressed or saucer-shaped cavity 
the perio.stcum should not be widely separated from the living bone, 
as this is likely to interfere with the circulation of the bone tissue 
immediately underneath, which m.ay also have its endosteal circulation 
cut off. 'I'his would, of cotirse. make a new necrotic area and subse- 
quent sequestrum. 

The blind curetting of a hotte cavity where there may or ma}' not 
be a sequestrum, is not a procedure which is likely to produce any 
beneficial results. In our exiierience the sequestrototny should be per- 
formed in a bloodless field, using a tourniquet wherever it can be 
safely used. 

Ill-considered and incom])lele operations in the latter stage are 
largely responsible for the fact that in so many of these bone cases 
discharging sinuses continue for years. :ind the patients are subjected 
to operations without number. 



OPEN PNEUMOTHORAX IN ITS RELATION TO 
THE EXTIRPATION OF TUMORS OF 
THE BONY CHEST WALL='^ 


CARL A. HEDBLOM, M.D. 

ROCHESTER, MINN. 


Perhaps no surgical condition of the chest is more germane to the 
discussion of pneumothorax than that of tumors of the bony chest wall. 
Such tumors are usually either malignant or potentially malignant, and 
often involve an extensive portion of the wall of the thorax. Complete 
extirpation with a wide margin necessitates an extensive resection, and 
furthermore, this operation, usually performed in one stage, results in 
a sudden collapse of the lung. In contrast to conditions following 
surgery for infectious diseases, there are no inflammatory adhesions 
of the pleura, and no thickening and fixation of the mediastinum. The 
posture of the patient, which is usually lateral or dorsal, is favorable to 
the collapse of the lung and to the transmission of atmospheric pres- 
sure to the other side. The operation is concerned with the chest wall, 
and not with the lung ; retraction of a lobe of the lung outside the 
wound is neither necessary nor convenient during resection. There is 
consequently no steadying of the mediastinum. A study of operative 
pneumothorax incident to the resection of tumors under such conditions 
should be of importance, both with respect to the theoretical and to the 
practical considerations of the subject. 

Resection of the entire chest wall Avith wide opening of the pleural 
cavity was practiced before the nature of pneumothorax or the dangers 
incident to it Avere adequately conceived. The first case of thoracotomy 
for tumor aa^s recorded by Osias Aimar,^ Avho, in 1778 , removed an 
osteosarcoma involving the fifth, sixth, and seventh ribs ; but he did not 
open the pleura. The first case of thoracotomy for tumor in AA'hich 
pneumothorax resulted Avas reported, in 1818 , by Richerand,^ who, Avith 
the assistance of Dupuytren, Avidely opened the pleural cavity by resect 
ing a portion of the pleura Avith a carcinomatous groAvth involving the 
ribs. Richerand describes the onset of the pneumothorax, as folIoA\ s . 


* From the Section on Surgery, Mayo Clinic. 

* Read before the fourth annual meeting of the American Associa ion 

Thoracic Surgery, Boston, June, 1921. _ Tumors 

1. Aimar, Osias : Quoted by Parham, F. W. : Thoracic Resection 
GroAving from the Bony Wall of the Chest, New Orleans, 1899. 

2. Richerand, quoted by Parham: Footnote 1, second reference. 
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“At this moment the exterior air made an eruption into the chest, rush- 
ing in with violence and compressing the left lung which, with the 
heart, was borne toward the orifice. I sought, by placing thereto the 
left hand, to moderate the entrance of air and to prevent suffocation, 
which appeared imminent, while with the right hand I applied to the 
wound a large bolster spread with cerate. The entrance of air was 
suddenly stopped by this greasy cloth.” The patient recovered from 
the operation, but died of recurrence one month later. 

It was not until 1855 that Sedillot ^ performed the second recorded 
intrapleural operation. In an exhaustive review of the literature from 
then until 1898, Parham ^ was able to collect twenty-six cases in which 
resections were performed without opening the pleural cavity, and 
fifty-four, including two of his own, in which it was opened. Of 
twenty-three additional cases of resection of the sternum, pneumothorax 
resulted in six. In one instance, both pleural cavities were opened, 
with resulting bilateral pneumothorax. The patient recovered. In 
considering the effect of pneumothorax, Parham classified forty-one 
selected cases into three groups; (1) those in which little or no dis- 
turbance followed opening of the pleural cavity, sixteen cases; (2) 
those in which there was moderate disturbance, ten cases, and (3) 
those in which there was marked disturbance, ten cases. He concludes 
that the size of the opening and the duration of the open pneumothorax 
are the most important factors in producing symptoms. He found 
that the respiration was interfered with to some extent in all, and that 
seven of the patients suffered severe collapse. In cases of extensive 
resection involving adjacent structures, such as the diaphragm and 
pericardium, he accredited the serious symptoms to the prolongation of 
the operation rather than to the severity of the procedure. 

In 1898, Parham used the differential pressure method of Fell- 
O’Dwyer in operating on a patient with chrondrosarcoma. He 
employed positive pressure to inflate the lung, which was then sutured 
to the parietal pleura, after which he dispensed with the apparatus. 
A thorough search of the literature has brought to light reports of 
sixty-seven cases of tumor of the chest wall in which operation was 
performed since Parham’s first patient was operated on under differ- 
ential pressure. This includes twenty-eight cases reported by Lund,® 
in 1913, and one case in which he operated under intratracheal insuffla- 

3. Sedillot, quoted by Parham ; Footnote 1, second reference. 

4. Parham, F. W. : Thoracic Resection for Tumors Growing from the Bony 
Wall of the Chest, New Orleans, 1899. 

5. Lund, F. B. : Sarcoma of the Chest Wall. .A.nn. Surg. 58:206-217, 191.3 
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tion. The case reports of Gross/ Stukkei," Hervy/ Degorce/ Palleroni,« 
and Zschucke unfortunately were not available for this study. 

The records of the Mayo Clinic since 1910 contain the histories of 
forty-nine patients with tumors of the bony chest wall. A complete, 
report of these cases has been published recently.^^ Fifteen have been 
included in this study as having a bearing on the theme. With the fifty- 
eight cases from the literature, the total is eighty-two cases. 


OPERATIONS 'under DIFFERENTIAL PRESSURE 
Eighteen (about 20 per cent.) of the eighty-two patients were oper- 
ated on under diflferential pressure anesthesia. The type of differential 
pressure apparatus used was the Fell-O’Dwyer apparatus in one opera- 
tion ; Brauer’s positive pressure chamber in four operations ; Sauer- 
bruch’s negative pressure chamber in six, and Murphy’s chamber in 
one operation. Intratracheal insufflation was used in four operations 
and intrapharyngeal insufflation in two. 

Chloroform anesthesia was used in five operations, ether in eight, 
nitrous oxid and oxygen in one, and the anesthetic was not mentioned 
in four. 


The resection was performed for chondroma in three, for sarcoma 
in nine, for endothelioma in one, for recurrent carcinoma following 
amputation of the breast in four, and. for chronic inflammation in one. 
The opening in the chest wall was stated or was suggested by the 
context to be small in one case (4 cm. in diameter) ; moderately large 
(“Handteller Grosse”) in eight, and large (10 cm. by 18 cm.) in six. 
In one case, the size of the opening could not be determined, and in 
two, an opening was not made in the pleura. 

The symptoms referable to the opening of the pleural cavity were 
weak, rapid pulse, and disturbed respiration in the two cases of Por- 


6. Gross, G. : Sarcomes etendus de la region sterno-claviculaire; exstirpa 
tion; autoplastic par glissement et decollement, Rev. med. de Test. 45:497-50 , 

1913. • 1, I 

7. Stukkei, L. G. ; Case of Chondrosarcoma of the Manubrium Sterni, Russk. 

Vrach. 14:977, 1915. 

8. Hervy, J. M. J.: La chondrectomie (operation de Freund) est-elle une 
intervention benigne? Bordeaux, Cadoret, 1915. 

9. Degorce, A.: Sarcome de la paroi antero-laterale du thorax a pro onge 
ment intrathoracique. Bull. Soc. med.-chir. de I’Indo-Chine 5:160, 1914. 

10. Palleroni, G. ; Sopra un caso di encondrosarcoma della parete toraci 

Clin. mod. 9:393-396, 1903. . . • 

11. Zschucke, J. : Ueber einen Fall von Myxochondrosar om er 

einem zwolfjahrigen Madchen, Mtinchen, Muller and Stemic e, • ^ 

12. Hedblom, C. A. : Tumors of the Bony Chest Wall, Arch. Surg. 

(July) 1921. 
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in nine ; there were no symptoms in eighteen, and no mention of symp- 
toms Avas made in 3ixteen. Of the patients without pneumothorax, 
there was postoperative shock in three, no symptoms in ten, and no 
mention of symptoms in eight. Tabie 2 shows, therefore, that while 
the majority of the patients with pneumothorax do not have marked 
symptoms referable to it, and only a very small percentage have symp- 
toms at the time of operation, the incidence of postoperative shock is 
considerably greater if pneumothorax is produced. That this is largely 
due to the relatively greater extent of the operation on the latter is 


TABLE 2. — Symptoms at the Time of Operation and After Operation 



Patients 

1 Patients Operated on 


Operated on 

i Without 


With Pifferen- 

: Differential Pressure 


tial Pressure 

1 Anesthesia 


Anesthesia 




Without Pneu- 

With Pneu- 

Without Pneu- 


mothorax 

mothorax 

mothorax 

Shock at the time of operation 

3 

5 


Shock after operation..’ 

1 


3 

Cyanosis at the time of operation 


1 s 


Cardiac collapse at the time of operation.. 

• . 

1 


No symptoms at the time of operation 

6 

2fi 

io 

No symptoms after operation 

7 

18 

10 

Symptoms at the time of operation not 




mentioned 

9 ' 

8 

P 

Symptoms after operation not mentioned.. 

10 1 

16 • 

8 

Total number patients having symptoms 




at the time of operation 

18 

43 

21 

Total number patients having symptoms 




after operation 

18 

43 

21 


TABLE 3. — Relation of Symptoms to Size of Pleural Openi.ng 


Slight Marked Symptoms not 

Symptoms Symptoms Mentioned Iota) 

1 .. -i ^ 

J .. 3 

; g 23 


apparent from the fact that of the nine patients with marke 
after operation six had resections of adjacent structures, name y, t e 
pericardium, the diaphragm, and in one case, the lung. 

Table 3 shows that in five cases in Avhich the opening into e 
pleural cavity was small, no symptoms were present in 80 per ’ 
in tAventy in which the opening Avas large, no symptoms occurre 
70 per cent., and marked symptoms Avere present in only 20 per cen . ^ 
the seven cases in which the opening Avas A'-ery large, there 
symptoms in tAvo, slight symptoms in two, and marked symp 
in three. In the three Avith marked symptoms, the diaphragm 
also resected in two. After suture the symptoms subsided. 

Sufficient data Avere not forthcoming on Avhich to base any o 
tion as to the relation betAveen the length of time the p eiira 


No Symp- 


Size of Opening toms 

Small 4 

Moderate 1 

Large 14 

Total 19 



HEDBLOM—OPEN PNEUMOTHORAX 


593 


was opened and the relative incidence of symptoms. The depth of 
anesthesia, the relative conditions of the patients, and the position 
on the. operating table are additional factors which produce uncer- 
tainty in attempts to estimate the direct relationship of the pneumo- 
thorax and the symptoms. In the 'absence of symptoms, however, it 
may be assumed that the pneumothorax was relatively harmless. 

In several cases in the Mayo Clinic series, it was well shown that 
the extent of the operation plays a large part in the production of 
shock entirely independent of pneumothorax. Several of the patients 
were practically pulseless after leaving the operating room following 


TABLE 4. — Postoperative Complications in Relation to Pneumothorax 



Patients Operated 
on with Dif- 
ferential 
Pressure 
Anesthesia 

i 

1 

Patients Operated on Without Differ- 
ential Pressure Anesthesia 

Bronchitis 

Pneumonia 

Pleurisy with effusion 

Empyema ■ 

Pulmonary congestion 

Anuria 

With Pneumo- 
thorax 

‘2 

4 

5 

1 

Without Pneumo- 
thorax 

1 

'i 

Total 

2 

12 

2 



TABLE 5. — Postoperative 

Mortality 


Cause of Death 

Patients Operated 
on with Dif- 
ferential 
Pressure 
Anesthesia 

Patients Operated on Without Differ- 
ential Pressure -Anesthesia 

With Pneumo- 
thorax 

1 

Without Pneumo- 
thorax 

Empyema 


3* 

0 





i 

Not given 



i* 


Total 

1 

7 

1 


♦ Double pneumothorax in one case. 


resection for large tumors without opening of the pleural cavity. Loss 
of blood was slight, and in no case was the operation very long. Some 
of these patients were in fairly good condition; others were poor 
surgical risks. A two-stage or three-stage operation was performed 
in the latter cases. That a resection of the structures of the thoracic 
wall in itself produces shock is demonstrated in certain cases of radical 
amputation of the breast. Considerable shock may result in a patient 
who was a relatively good operative risk. 

From Table 4, it will be observed that 11 per cent, of patients 
operated on with differential pressure anesthesia developed complica- 
tions, while 28 per cent, of patients operated on without differential 
pressure anesthesia and in whom ppeumothorax occurred developed 
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complications. Pleural effusion, both serous and purulent, is of much 
greater incidence in cases in which pneumothorax is produced. 

Table 5 shows that one death occurred on the fourteenth day in a 
patient operated on under differential pressure anesthesia. This case 
was reported by Porter who considered the differential pressure 
anesthesia largely contributory to the unfavorable outcome. One of 
the patients in the Mayo Clinic died of pulmonary edema the second 
day following operation for intrathoracic tumor under intratracheal 
anesthesia. Seven deaths followed operation in the cases in . which 
differential pressure was not used, and in which pneumothorax 
occurred. In two of these, however, 'a bilateral pneumothorax had 
been produced. The mortality rate was about 5.5 per cent, for the 
first group and 16.3 per cent, for the second. If the cases of shock, 
which may have been due to other causes, are subtracted, the mortality 
rate drops to about 11 per cent. Pneumothorax did not occur in the 
patient with anuria. 

COMMENT ' 

The cases presented and the results obtained have significance in 
relation to the question of the actual immediate risk of open operative 
pneumothorax, and in relation to postoperative complications. It is 
obviously not only possible but reasonably safe, so far as the immediate 
risk to the life of the patient is concerned, to open wide the pleural 
cavity without differential pressure anesthesia. The experience of 
many operators has shoAvn that in the majority of patients in Avhom a 
large opening of the pleura has been produced, with collapse of the 
lung, symptoms have been absent or slight. Furthermore, it is always 
possible to convert a large opening into a small opening, or com- 
pletely to close the opening by draAving together the skin edges or 
by covering the opening Avith a wet toAvel. Experience has also 
seemed to show that traction on the lung will promptly relieve alarm- 
ing symptoms referable to inefficient respiration. Whether the appar- 
ently slight effect produced by A\dde-open pneumothorax in so large a 
proportion of cases is due to a previous thickening of the mediastinum 
or to partial adhesions of the lung may be questioned. It is certain 
that there was massive collapse of the lung in many cases ; but even 
granting the presence of a thickened mediastinum and possibly adhe- 
sions, and if it is further admitted that patients Avithout thickened 
mediastinums and without adhesions Avould become asphyxiated by 
a large opening, the objection to operating Avithout differential pres- 
sure anesthesia in such cases Avould be largely overcome by the fact 
that Avhen alarming symptoms are presented it is a simple matter to 
convert the open pneumothorax into a closed pneumothorax. 
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and so forth, a combination of local anesthesia with ’some type of differ- 
ential pressure anesthesia apparatus would make possible the inflation 
of the lung at the end of the operation before closure. This method was 
used in one case in the series in the Mayo Clinic and represents a 
maximum of simplicity and of operative and postoperative safety to 
the patient. A simple intrapharyngeal insufflation anesthesia by the use 
of a gas and oxygen apparatus achieves this result. 

The foregoing deductions seem justified by the actual experience 
of many surgeons with different methods and by my 'experience with 
ten patients, some of whom were operated on with differential pres- 
sure anesthesia, and others without it. Although I have not entered 
into a discussion of the pathologic physiology of pneumothorax, I wish 
to point out that the explanation of the phenomena incident to pneumo- 
thorax is not simple. 

The work of Graham and Bell,^® showing that in the normal thorax 
the pleural cavities function as one and that a change in pressure in 
one cavity is immediately transmitted to the other, seems fundamental 
to the study of the problem. This principle accounts for the prompt 
relief that results on converting an open pneumothorax into a closed 
pneumothorax, and for the relief obtained by traction on the exposed 
lung. It remains to be shown, however, why such a large proportion 
of patients do not develop alarming symptoms when the thorax is 
opened wide. 

The symptoms produced in open pneumothorax are referable in the 
last analysis to disturbed circulation, to deficient aeration of the blood, 
and, possibly in some cases, to a pleural reflex. The .return of the 
blood to the right side of the heart is dependent on the force of the 
heart’s action through the capillaries, on the valve action in the veins, on 
the muscle tone as pointed out by Mann,^® and on the aspirating 
effect of the respiratory pump. In open pneumothorax, this aspira- 
tory action is lost, and cyanosis and engorgement of peripheral veins 
develop. Deep anesthesia, resulting in loss of peripheral tone, further 
hampers venous return. Deficient venous return results in a lowered 
output from the heart, increased pulse rate, and, eventually, in a 
fall of blood pressure and shock. A positive pressure anesthesia 
apparatus provides for aeration of the blood, but does not furnish 
a substitute for the aspiratory action of normal respiration. Saiier- 
bruch holds that, on the contrary, positive pressure impedes the circu- 
lation in the lungs. 

19. Graham, E. A., and Bell, R. D.: Open Pneumothorax: Its Relation to 
the Treatment of Empi'ema, Am. J. M. Sc. 156:839-871 (Dec.) 191 

20. Mann, F. C.: Personal communication. 
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Considerations which bear on the aeration of the blood are the 
relative amounts of blood passing through a collapsed lung as com- 
pared with that passing through a normal lung, the relative importance 
of the paradoxic respiration in the collapsed lung, the part played 
by the diaphragm, and the possible influence of disturbed nerve func- 
tion. Other problems relate to the increased susceptibility of the 
pleural cavity in pneumothorax, to efifusion and infection, and to the 
possible part of a pleural reflex in the sudden onset of symptoms 
incident to the abrupt collapse of the lung. 



FRACTURE-DISLOCATION OF THE SPINE 

TREATED BY FUSION 


RUSSELL A. HIBBS, M.D. 

NEW YORK 


The cases reported herewith are from the service of the New York 
Orthopedic Dispensar}^ and Hospital. 

Of these twenty-two cases of fracture-dislocation of the spine, one 
was in the cervical region, two ivere in the dorsal region, two in the 
dorsolumbar region, and seventeen in the lumbar region. Of the last 
named, eleven were of the fifth lumbar vertebra. 

There was a definite history of severe traumatism in the cervical 
case, in the two dorsal cases, in the two dorsolumbar cases, and in 
twelve of the lumbar cases. In five of the last, the injury had occurred 
in childhood. The symptoms in three cases, except those of short dura- 
tion occurring immediately after the injury, did not appear until adult 
life when ossification of the vertebrae was complete. In one instance. 
Case 18, that of a motorcycle accident, the traumatism was severe; but 
the only conscious injury at the time was of the leg, although at opera- 
tion, two years later, it was found that the patient had an ununited frac- 
ture of the four laminae of the third and fifth lumbar vertebrae. Another 


patient. Case 22, had an ununited fracture of both pedicles of the fifth 
lumbar vertebra, six years after the accident. In another instance. 
Case 16, the injury occurred at the age of 9; and at operation, fourteen 
years later, an ununited fracture of the lamina of the fourth lumbar 
vertebra, left side, was found. 

In one case there was a history of slight injury, and in four cases 
no history of injury. In the four cases with no history of injury the 
fifth lumbar vertebra was involved, which, considering the fact that of 
the whole number seventeen were of the lumbar spine, and eleven of 


these of the fifth lumbar vertebra, emphasizes two points of importance, 
first, that the lumbar spine is the most susceptible to fracture, and, 
second, that the fifth lumbar vertebra is the one most frequently frac- 


tured. The explanation of these facts is suggested in the following con- 
siderations: The lumbar spine is subjected to great strain in all trunk 
movement on the pelvis, being exercised through wide arcs of motion by 
very great muscle pull, especially in persons with heavy muscles, 
engaged in laborious occupations requiring heavy lifting. The angle 
of the lumbar spine with that of the sacral places all of the lumbar 
vertebrae at a disadvantage, while the fifth, the end of the mobile spine, 
articulating with the immobile sacrum, is at the point of greates 



HIBBS— FRACTURE-DISLOCATION OF SPINE 


599 


strain. Its position becomes more precarious as, and in the measure 
that the variation which takes place in this angle (which is about 40 
degrees, from 100 to 140) approaches a right angle. The insecurity 
of the fifth lumbar vertebra is also increased by the variation which 
is often seen in the shape, size and planes of the articulation of the 
lateral processes of the fifth and first sacral vertebra, making incon- 
stant and insecure their effect in checking movement and in stabilizing 
the fifth lumbar vertebra.’^ 

It is debatable whether or not any considerable degree of displace- 
ment of a lumbar vertebra can take place without a fracture, or the 
disintegration, of these articulations by disease. (In Case 1, the patient 
had disintegration of these processes.) Should this happen, it will, 
in all probability, be of the fifth lumbar vertebra. It is also questionable 
whether in cases in which the angle of the lumbar vertebra with the 
sacral spine approaches a right angle (marked lordosis), there may not 
be sufficient strain at the lumbosacral junction to cause pain, thereby 
explaining some cases of chronic backache, otherwise obscure. 

Four patients with displacement of the fifth lumbar vertebra had 
imperfect first sacral arches. This defect may impair the ligamentous 
stability of the joint. 

In all instances in which the patient had a forward displacement 
of the fifth lumbar vertebra, the spinous process was felt to be less 
prominent. In some of these cases, the lordosis was increased and 
in others it was not, depending, it would seem, on whether or not 
there was also a forward displacement of the fifth lumbar vertebra 
at its articulation with the fourth lumbar vertebra. In Case 6, the 
displacement at the fourth lumbar vertebra was equal to that at the 
first sacral vertebra, and consequently the lordosis was not increased. 
In two instances of backward displacement of the fifth lumbar vertebra, 
the spinous process was more prominent. 

There was direct contact of two or more spinous processes in seven 
of the lumbar cases and marked limitation of extension of the lumbar 
spine. In all trunk movement, the impingement of these bones on one 
another caused distressing pain. 

In one instance. Case 14, the constant posture was that of forward 
bending and inclination to the left side. The fracture occurred at the 
age of 15, although the symptoms did not appear until adult life, since 
which time they had been constant and distressing when the patient 
was in an upright position. She had been subjected to every form of 
treatment, especially for sacro-iliac relaxation, without benefit, except 
for relief when l 3 dng in bed. It was finall)’’ believed that she was 

1. Mills, Nathaniel ; Congenital Malformations of the Vertebra. Boston 
M. & S. J. 184:659-666 (June 23) 1921. 
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suffering from a psyclioneurosis and she was sent to a sanatorium for 
treatment. She had mobility at the sacro-iliac joints, as demonstrated 
by mobility at the pubis ; but that this mobility caused no symptoms, 
as is often the case, is demonstrated by the fact that her relief since 
operation has been complete, although the sacro-iliac mobility is 
unchanged. 

In thirteen cases, there was fracture of the body and of the 
processes, and in nine cases, all lumbar, fracture of the processes 
only. In all of the 'dorsal cases, there was fracture of the body; 
only one patient (Case 12) having displacement as well. The 
explanation of this fact is found in the greater stability of these articu- 
lations, their limited motion and the protection of the thorax. In 
one instance. Case 17, the patient had six lumbar vertebrae. The sixth 
was fractured and displaced forward, with contact between the spines 
of the fifth and sixth lumbar vertebrae. 

In six instances (Cases 6, 9, 12, 14, 16 and 22), the fractures 
occurred in childhood, although the symptoms did not appear in four 
of them until adult life, when ossification was complete. Of the two 
remaining cases, one patient, 18 years of age (Case 22), was -found 
to have an ununited fracture of the pedicles of the fifth lumbar vertebra 
at operation six years after injury, the symptoms having been con- 
tinuous. The other (Case 12) was a child of 5 at the time of opera- 
tion, two and one-half months after injury. 

There was no evidence of nerve root or cord injury in twenty-one 
cases. One 'patient (Case 19) had impairment of the sphincters, 
exaggerated patellar reflexes, and weakness of the legs for six weeks 
after the injury. In the cervical case, the patient had a great deal of 
pain in the neck and shoulders, with a protective posture of the head. 
In the dorsal and dorsolumbar cases, there were sensations of weak- 
ness, with more or less deformity, and one patient (Case 9) had a 
marked scoliosis. In the lumbar cases, the patients complained of pain 
and weakness in the lower back and of pain in one or both legs, 
sciatic in character. Many of these patients had the protective posture 
and limitation of motion of Pott’s disease. In all of the cases, the 
patients were seriously handicapped by the severity of their symp 
toms, while some of them were unable to pursue any active occupa 
tion. In only three cases of the whole series (Cases 19, 20 and 21), 
all of which were recent fractures, had a diagnosis of fracture been 
made. In the other nineteen cases, the fractures had occurred from 

one to twenty-five years previously. 

The shape of a vertebra and its relation to other structures ma e 
it difficult, or perhaps impossible, to secure a roentgenogram that wj 
give exact and complete knowledge of the fracture. This cer ai 
true in cases studied long after the fracture has occurred. In a 
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these cases, the patients were subjected to the most careful roentgen- 
ray study by anteroposterior, lateral, and stereoscopic roentgenograms. 
The lateral roentgenograms were especially important in differentiating 
fractures from disease, by showing clearly the condition of the bodies 
and the intervertebral disks. They were also important in showing 
accurately the degree of displacement. In every case, the operation 
revealed injury or displacement of bone not shown by the roentgen ray. 
For instance, in one case, the patient (Case 18) had ununited fractures 
of the laminae of the third and fifth lumbar vertebrae on both sides ; 
another (Case 22) had ununited fractures of the pedicles of the fifth 
lumbar vertebra, six years after the injury, and another (Case 16), 
an ununited fracture of the lamina of the fourth lumbar vertebra on 
the left side, fourteen years after injury. 

The roentgen ray revealed in every case a degree of abnormality 
of bone that, associated with the symptoms, justified operation. The 
operative findings made it evident that the fracture-dislocation had 
produced a profound and permanent change in the articulations of the 
vertebrae involved ; that the symptoms had been caused by the mobility 
of these altered joints and ununited fractures and by the influence that 
their need of protection had in stimulating a protective limit in the 
joints adjacent, and that the severity and duration of the symptoms 
depended on the mobility of the region involved and the amount and 
character of the displacement and injury to the bone. 

Since it is impossible to restore these joints to normal, the elimina- 
tion of motion which takes place in them would seem to offer the 
only chance of securing complete and permanent relief. To this end, 
the fusion of the articulating bones is necessary. This has been 
successfully accomplished in all of these cases by the operative method 
which has been used at the New York Orthopedic Hospital in several 
hundred cases of tuberculosis of the spine and of scoliosis. As former 
descriptions of the technic have been misunderstood, it is perhaps well 
to describe the operative procedure again. 

TECHNIC 

An incision is made through the skin and subcutaneous tissue, 
from above downward, exposing the tips of the spinous processes of 
the vertebrae to be fused. The periosteum over the tips of these 
processes is split longitudinally, and, with a periosteal elevator, pushed 
to either side, leaving them bare. The periosteum and interspinous 
ligament in turn are still farther split and pushed forward a short 
distance from each spinous process, as two lateral halves, gauze packs 
being inserted to prevent oozing. The dissection is carried farther and 
farther forward upon each vertebra, in turn, until the spinous processes, 
the posterior surfaces of the laminae and the base of the transverse 
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processes, are bared, thereby exposing the ligamentum subflava attached 
to the margins of the laminae and the articulations of the lateral 
processes. 

The ligament is removed from the laminae 'with a curet, and the 
articulation o f the lateral processes is destroyed in* order to establish 
bone contact at this point. With a bone gouge, a substantial piece 
of bone is elevated from the adjacent edges of each lamina, of half 
its thickness and of half its width. The free end of the piece from 
above is turned down to make contact with the lamina below, and the 
free end of the piece from the lamina below is turned up to make 
contact with the lamina above. 

Each spinous process is then partially divided with bone forceps 
and broken down, forcing the tip to come into contact with the bare 
bone of the vertebra below. The spinous process of the last vertebra 
below should be turned up to bring about contact with the next above. 
As the spinous processes of the lumbar region are wide, it is sometimes 
practicable to split them, turning one half up and the other half down. 
Thus is established contact of abundant cancellous bone at the articula- 
tions of the lateral processes, laminae and spinous processes. The 
periosteum and ligament, which together have been pushed to either 
side and lie practically as an unbroken sheet, are brought together in 
the middle with interrupted sutures of ten-day chromic catgut. The 
subcutaneous tissue is then closed with a continuous suture of plain 
catgut ; the skin wound is closed with sutures of ten-day chromic cat- 
gut, and sterile dressings and an immobilizing brace or plaster are 
applied. 

The dissection may be made in a practically dry field, without 
injury to the muscles, if it is subperiosteal and if a free use is made 
of gauze packs. Only in an operative wound that is free from hemor- 
rhage can the operator see to exercise the care necessary for thorough 
work. Not only the baring of the bones may be complete, but the 
periosteum may be separated from them in a practically unbroken 
sheet and without disturbance of its relation to the surrounding tissues 
and blood supply. The greatest care should be exercised in this dis- 
section, since it is of primary importance, as the area of fusion is 
measured by its extent and thoroughness. After the bones are bared, 
the)'^ may be treated as indicated aboA'^e, or in any manner Avhich 
establishes their contact and stimulates bone formation. With the 
closure of the periosteum, what is practically a tube of periosteum is 
formed, Avith its abundant blood supply undisturbed, filled wi i 
healthy, living cancellous bone, lying in continuous contact. us 
situation is entirely consistent Avith the physiologic laAVs o^ on 
growth ; it furnishes a great stimulus to their operation, and ms 
a fusion of the lateral processes, the laminae and the spinous process 
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In each of the cases reported herewith, the fusion was made to 
include at least one healthy vertebra above and one below the injured 
vertebra. The patient was kept in bed for eight weeks and required 
to wear a support for from two to four months longer. The support 
in each instance was of the Taylor spine brace model, except in the 
lumbar cases, when it was shortened above to extend only to the tip of 
the scapula, and lengthened below to grasp the pelvis. 

REPORT OF CASES 

Case 1. — Dr. S., aged 43, short, heavy set and of good muscular development, 
for many years had, had an arthritis, involving the knees, hips, shoulders and 
lower spine. During the previous year, the pain in the back had become very 
severe; and for three months, a slipping sensation had been present at the 
lumbosacral joint. This was so painful that he was obliged to discontinue 
his work. 

Examination. — The knees and hips were slightly flexed, and there was a 
marked exaggerated lordosis. The flexibility was greatly . impaired ; and on 
certain movements, a slipping sensation could be palpated at the lumbosacral 
junction. Roentgen-ray examination revealed an anterior displacement of the 
fifth lumbar vertebra on the sacrum. 

Operation. — March 30, 1916, fusion extending from the third lumbar vertebra 
to the sacrum was accomplished. The articular processes of the fifth lumbar 
vertebra and the sacrum were found to have been disintegrated by the arthritis, 
permitting the forward displacement of the fifth lumbar vertebra on the sacrum. 

Present Condition. — The posture is much improved, and the patient is entirely 
relieved of the symptoms for which the operation was performed. He has 
resumed the active practice of his profession. This case, although, strictly 
speaking, not a case of fracture-dislocation, was such a case in every essential. 

Case 2. — S. 0., a laborer, aged 48, large, powerful and heavy set, fell from 
a ladder in October, 1918, since which time he had had severe pain in the back, 
with peculiar sensations in both limbs, especially the right. 

Examination. — This demonstrated a protective posture, similar to that of 
Pott’s disease, with a rounded kyphos in the dorsolumbar region, the apex 
of which was at the eleventh dorsal vertebra. There was some pain on 
attempted bending, marked limitation of motion, and slightly increased patellar 
reflexes, with sensations of paresthesia. The roentgen ray disclosed com- 
pression fracture of the eleventh and twelfth dorsal vertebra, with an 
apparently normal intervertebral cartilage. 

Operation. — March 12, 1919, fusion extending from the tenth dorsal to the 
second lumbar vertebra was accomplished. The spinous process of the tenth 
dorsal vertebra was found to be broken off. 

Present Condition. — The patient is completely relieved and is working daily. 

Case 3. — M. C., a ship steward, aged 44, fairly tall, slender and wiry, fell 
40 feet (12 meters) from a gangplank in January, 1917, fracturing his legs and 
injuring his spine. Since that time he had had increasing pain and stiffness 
in the back and what was diagnosed as double sciatica. 

E.vamination. — The posture was protective, with fair fle.xion, but there was 
marked muscular spasm on lateral motion and extension. There was slight 





604 


ARCHIVES OF SURGERY 


inclination to the right and tenderness over the Inw^r i k 

sacrum. The patellar reflexes were normal Thp \ 

pression fracture of the fourth and fiffh l ray showed com- 

the right. List and rotation were especially shaTp 



Fig. 1 (Case 3). — Compression fracture of the fifth lumbar vertebra, with 
lateral displacement. 


Operation. — Jan. 19, 1918, fusion, from the second lumbar vertebra to the 
sacrum, was accomplished. The fourth and fifth lumbar vertebrae were found 
to be distinctly compressed, owing to crushing of the bodies and fracture of 
the articular processes. 
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Present Condition . — The patient is completely relieved and has resumed 
normal activities. 

Case 4. — T, K., a foundry worker, aged 33, heavy, strong and muscular, 
a year before examination began having pain in the back and legs. This grew 












Fig. 2 (Case 6). — Anterior displacement of the fifth lumbar vertebra without 
suggestion of lesion in anteroposterior roentgenogram. 


steadily worse, and a few months before he was seen here, his back had 
become crooked. There was no history of severe injury. 

E.ramination . — The posture was very protective, with a severe inclination 
of the trunk to the left. The spine was held rigidly in this position. The 
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patellar reflexes were greatly exago-erated . 

sacral ossification, and what appeared to he revealed complete 

the body of the fifth Intnbar verterr! d “ “r ■>! 

displacement of this body on that of the anterior 

to the saornm could not I sJC 



Fig. 3 (Case 6). — Anterior displacement of fifth lumbar vertebra. 


.Operatiou. — ^July 10, 1918, fusion from the third lumbar to the second sacral 
vertebra was accomplished. There was incomplete ossification of the first 
sacral arch, with motion between this vertebra and the second. The fifth 
lumbar vertebra had slipped forward between the fourth lumbar vertebra and the 
sacrum, fracture of the articular processes allowing its displacement. 
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gradually becoming more severe. ^ Persisted and was 



Fig. 5 (Case 8). — Anterior displacement of the fifth lumbar vertebra. 
Impaired ligamentous strength suggested as a factor in this case. ■" 


Examination. — The posture was protective, the patient especially favoring the 
right leg. The trunk was inclined to the left, with free movement in this 
direction. All other motions were limited by pain and spasm, fle.xion, especially, 
often causing sharp pain which extended as far down as the right heel. The 
roentgen ray revealed incomplete ossification of the first sacral arch, sharp 
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left angulation between this segment and the fifth lumbar vertebra, and, to a 
lesser extent, between the fourth and fifth lumbar vertebrae ; a slight collapse of 
the fifth lumbar vertebra, with an anterior and right displacement. 

Operation. — Sept. 17, 1920, fusion, from the third lumbar vertebra to the 
sacrum, inclusive, was accomplished. The fourth lumbar spinous process was 
displaced downward and to the right of the fifth lumbar vertebra, which was 
forward and compressed between the fourth lumbar vertebra and the sacrum. 
Before operation the patient was placed in straight traction, following which 
there was much relief. One week after operation, he was again placed in 
traction, under which something “snapped” in his back, giving him complete 
and immediate relief. 

Present Condition. — The patient is completely relieved and has taken up the 
fighting game again. 

Case 6. — W. V. L., a business man, aged 31, large, well built and heavy set. 
when a child fell from a trapeze, alighting in a sitting position. There had 
been more or less pain, stiffness and weakness since that time, with a marked 
increase in symptoms, especially on lifting, shortly before being examined here. 

Examination. — The posture was only' slightly protective; but the patient 
did not use the trunk of his body well. The fourth lumbar spinous process 
was very prominent, with a lost, lordotic curve. He had compensated above 
and had a slight inclination to the right. There was a moderate limitation of 
motion in all directions, with some pain on extension of the lumbar spine. The 
roentgen ray revealed one-fourth inch (6.4 mm.) anterior displacement of the 
fifth lumbar vertebra on the fourth lumbar vertebra and a one-half inch (12.7 
mm.) displacement of the same on the sacrum. The fifth lumbar vertebra 
was tilted posteriorly down and the fourth tilted up, creating a wide gap 
between the fourth and fifth spinous processes and contact between the fifth 
spinous process and the sacrum. 

Operation. — May 25, 1920, fusion extending from the third lumbar vertebra 
to the sacrum, inclusive, was accomplished. The fifth lumbar vertebra was found 
to be far forward between the fourth lumbar vertebra and the sacrum, while the 
fourth lumbar vertebra was posterior in its relation even to the sacrum. The 
laminae of the fourth overrode the fifth so far that they almost came in contact 
with the sacrum, although this vertebra was tilted up from the posterior 
position. There was contact with spur formation between the third and fourth 
spinous processes. The third, as a whole, was tilted slightly to the right, with 
a corresponding relation of the laminae. 

Present Condition.— Complete relief followed operation and the patient has 
resumed his normal activity, playing tennis, golf, etc. 

Case 7. — D. S., a stock clerk, aged 20, small and fairly thick set, in September, 
1919, complained of increasing pain in the lower part of the back and in the 
thighs. There was no history of accident. 

E.ramination. — This revealed a rigid military posture, with slightly exag- 
gerated lordosis. No motion was demonstrable except forced e.xtension, which 
was painful. The right patellar reflex was increased. The roentgen ray 
revealed a slight left lateral deviation of the fourth lumbar vertebra, v.’ith 
anterior displacement of one-half inch (12.7 mm.) on the fifth and one-fourth 
inch (6.4 mm.) on the third lumbar A'ertebra. The spinous processes of the 
third and fourth lumbar vertebrae were in contact and sacral ossification 
was incomplete. 
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Operation. — ^July 9, 1920, fusion from the third lumbar vertebra to the sacrum, 
inclusive, was accomplished. Incomplete ossification of the first sacral arch 
was found, with good relations, however, between -it and the fifth lumbar 
vertebra, although the articulations were poorly formed and very little motion 
could be demonstrated. The fourth lumbar vertebra extended so far forward 
on the fifth that the articular facets had almost completely slipped by. New 
ones had" formed between the laminae themselves; and, owing to the upward 
tilt, there was contact between the spinous processes of the third, and fourth 
lumbar vertebrae. 

Present Condition. — There is complete relief and the patient is working daily. 

Case 8. — D. R., a policeman, aged 25, large, heavy set, with well developed 
mucles, when making an arrest in August, 1919, had been injured by the door of 
a taxicab which was slammed against his back. He had had severe pain and 
stiffness ever since. 

Examination. — The posture was protective, with the lumbar spine held 
rigidly by muscular spasm. Any attempted motion caused pain. The sacro-iliac 
joints, especially the right, were tender, and there was slight exaggeration of 
the patellar reflexes. He wore a belt for a time, which gave partial relief. 
A roentgenogram showed attempted sacralization of the fifth lumbar vertebra, 
with incomplete ossification of the sacral and fifth lumbar arches. There was 
a one-fourth inch (6.4 mm.) anterior displacement of the fifth lumbar vertebra 
on the sacrum and a marked left-sided compression of the body. 

Operation. — April 29, 1920, fusion from the third lumbar vertebra to the 
sacrum, inclusive, was accomplished. The right side of the first three sacral 
arches was found to be incomplete. The fifth lumbar vertebra was grossly 
abnormal, in that the lamina on the left side was not fused; and it, with 
the spinous process, was entirely loose. The right lamina was very short 
but firmly attached. The entire vertebra was crowded forward slightly and 
it was distinctly narrowed on the left. 

Present Condition. — It is believed that this man’s relief would be complete 
but for the fact that he is endeavoring to secure large compensation. He has 
been on duty since four months after operation but continues to wear a brace. 

Case 9. — F. B., a physician, aged 26, short, heavy set and powerful, when 14 
3 'ears of age, fell from a tree, injuring his spine. He had undergone a variety 
of treatment, but his back had continued to be weak. He was easily fatigued 
and experienced a more or less constant ache. The deformity which appeared 
after the accident had increased. 

E.vamination. — There was a slight general inclination to the left, with 
prominence of that hip. There was a moderately sharp curve to the right, 
reaching from the eighth dorsal to the second lumbar vertebra. This was in 
conjunction with a moderate bulging tj'pe, of kyphosis in the same region. 
Right lateral flexion and extension were distinctly limited. The roentgen ray 
revealed a moderate right curve from the eighth dorsal vertebra down, including 
a slight tilt of the fifth lumbar vertebra. Rotation was very sharp, especially 
at the first and second lumbar vertebrae. The greatest convexity was at the 
first lumbar vertebra, owing to marked lateral wedging of this vertebra and 
of the twelfth dorsal and second lumbar vertebrae. The third lumbar vertebra 
was onlj' two thirds of its normal size. Laterallj', there was an exaggerated 
dorsal curve in consequence of sharp wedging of the first and second lumbar 
vertebrae. The spinous processes of the twelfth dorsal and the first lumbar 
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vertebrae were in contact, whereas those of the first and second lumbar vertebrae 
were widely separated. Rib formation was normal. 

Operation. — June 9, 1920, fusion from the tenth dorsal vertebra to the second 
lumbar vertebra, inclusive, was accomplished. The first lumbar spinous process 
was large and very prominent, owing to actual posterior displacement of this 
vertebra on the second. The laminae on the left of the twelfth and first 
dorsal vertebrae were shorter than normal and so close that fusion had nearly 
taken place. The articular process of the twelfth dorsal vertebra was far 
back, as a result of rotation and displacement. The spinous processes were in the 
same relation as suggested by the roentgen ray. The tenth and eleventh 
dorsal vertebrae were sharply related to the curve because of the deviation 
below. 

• Present Condition. — There is complete relief from symptoms and a marked 
improvement in posture and the appearance of the trunk. He is active in tennis 
and all athletics and is now serving an internship. 

Case 10. — D. A., a stationary engineer, aged 47, tall, wiry and with good 
musculature, about six months previous to his examination in this dispensary, 
complained of pain in the lower back and down the limbs, especially the right. 
In the previous few weeks, it had become so severe that walking was difficult. 
He gained slight relief by bending far forward and supporting himself 
with a cane. 

Examination. — The posture was extremely protective, with the lumbar spine 
held rigidly in a flat position. Both thighs were held flexed at 160 degrees, 
although most of his pain was down the right thigh. The fifth lumbar spinous 
process was more prominent than normal and the distance between it and the 
fourth was distinctly increased. The patient had a great deal of difficulty 
in turning over in bed. The roentgen ray revealed a one-fourth inch (6.4 mm.) 
posterior displacement of the fifth lumbar vertebra on the fourth. Its relation 
to the sacrum seemed normal. 

Operation. — Aug. 4, 1920, fusion from the second lumbar vertebra to the 
sacrum, inclusive, was accomplished. The fifth lumbar vertebra was posteriorly 
placed, giving the appearance of .having been squeezed back between the fourth 
lumbar vertebra and the sacrum. The articular processes of the fifth lumbar 
vertebra had slipped back and upward a trifle. Fusion was extended to the 
second lumbar vertebra because of contact between all of the spinous processes. 

Present Condition. — The patient is completely relieved; he has a normal back 
contour and stands perfectly erect. He is doing his usual work. 

Case 11. — T. M., a factory worker, aged 28, tall, slender and wiry, Juh', 1920, 
complained of pain in the lower spine and left hip region. This had become 
progressively worse, with increasing stiffness. There had been no severe injury. 

E.vamination. — The posture was protective, with a slightly diminished lordosis 
and rigidity in this position. He walked in a stooped position, and the left 
thigh was held slightly flexed. There was tenderness over the left sacro-iliac 
joint. The roentgen ray revealed slight anterior displacement of the fourth 
lumbar vertebra on the fifth, and a similar condition of the fifth lumbar vertebra 
on the sacrum. 

Operation. — Oct. 8, 1920, fusion from the third lumbar vertebra to the sacrum, 
inclusive, was accomplished. The spinous process of the fifth lumbar vertebra 
was found to be grossly abnormal, in that the superior border extended 
horizontally back three fourths of an inch (19 mm.) and the posterior border 
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Fig. 8 (Case 13). — Compression fracture of the twelfth dorsal vertebra and 
first lumbar vertebra. 
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extended downward 1% inches (3.2 cm.), bringing about contact with the second 
sacral spinous process. The relationship of the articular processes was not 
determined, although there was distinct displacement, as evidenced by the 
roentgen ray.. 

Present Condition. — ^The patient is actively engaged in his usual work and is 
without symptoms. 

Case 12. — L. A., boy, aged 5 years, stockily built, was run down by an 
automobile two and a half months previously, receiving injuries to the spine, 
head and right knee. 

Examination. — The posture was awkward and difficult, with moderate rigidity 
and muscular spasm. There was a slight left curve, with a marked round 
back deformity, and great prominence of the first lumbar spinous process. The 
distance between this process and that of the twelfth dorsal vertebra was much 
increased. There were no symptoms of cord compression. The roentgen ray 
revealed a compression fracture of the twelfth dorsal and the first lumbar 
vertebrae, with a half inch (12.7 mm.) posterior displacement of the first 
lumbar vertebra on the twelfth dorsal vertebra and wide separation of the 
spinous processes. 

Operation. — Dec. 7, 1920, fusion from the eleventh dorsal vertebra to the 
first lumbar vertebra, inclusive, was accomplished. The tenth dorsal and the 
second lumbar vertebrae were exposed and found to be in good position. The 
first was posteriorly placed on the twelfth dorsal vertebra so far that the 
articular processes had slipped completely by. The twelfth dorsal vertebra 
was tilted forward and downward, exposing a large section of the cord 
membrane. 

Present Condition. — There is distinct improvement in the degree of dis- 
placement of the vertebrae, much improvement of the deformity and complete 
relief of symptoms. 

Case 13. — C. G., a cadet at West Point, aged 24, small, slender with fairly 
good musculature, in October, 1912, fell 30 feet (9.5 meters), alighting on the 
buttocks. Since that time he had had periods of severe pain in the back, with 
treatment by bed rest and plaster jackets. For ten months previous to his 
examination here, he had been wearing a jacket, in spite of which there had 
been increasing pain, weakness and loss of weight. 

E.vaniination. — The posture was moderately protective, with marked muscular 
spasm and pain, especially on hyperextension. The twelfth dorsal spinous 
process was prominent as a nodular kyphos, and pressure in this region 
produced a sensation of nausea. All movements were limited. There was no 
disturbance of cord function. The roentgen ray revealed a severe compression 
fracture of the twelfth dorsal vertebra, with a wide gap between the spinous 
process and laminae of this vertebra and the first lumbar vertebra. 

Operation. — Jan. 14, 1921, fusion from the tenth dorsal to the first lumbar 
vertebra, inclusive, was accomplished. All exposed spinous processes were 
normal, except the twelfth, which was a mere spike, directed straight back and 
close up under that of the eleventh dorsal vertebra. There were normal relations 
between the tenth and the eleventh dorsal vertebrae. The twelfth dorsal vertebra 
had slipped and was impacted so far up under the eleventh that only remnants 
of the ligament remained. Considerable absorption had taken place on both 
sides, but it was more marked on the left. Very little motion was present. 
The displacement between the twelfth dorsal vertebra and the first lumbar 
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vertebra was so great that contact was made between the articular processes 
of the first dorsal vertebra and the transverse processes of the twelfth dorsal 
vertebra. Fusion had taken place. There was a 1 inch (2.5 cm.) gap between 
the spinous process of the first lumbar vertebra and what remained of the 
twelfth dorsal vertebra. This gap was well filled in laterally by the fused 
processes. 

Present Condition. — All symptoms are completely relieved. The patient 
is in good general condition and his normal activities have been resumed. 

Case 14. — Mrs. H. P., aged 35, well built and rather stocky, when 11 years 
of age fell from a rock, injuring her spine. She wore a plaster jacket for a 
short time. She had had increasing pain and weakness in her back and limbs 
since her eighteenth year. Every conceivable treatment, including long periods 
of bed rest, had been tried, with only temporary relief. At one time she was 
placed in a sanatorium for her mental condition. She is the mother of three 
children. 

Examination. — The patient stooped slighth', inclining her body to the left 
side. Motion in all directions was distinctly limited by lumbar rigidity. Pressure 
in this region caused pain, which was radiated down the limbs. The roentgen 
ray revealed slight anterior and right displacement, with left rotation of the 
fifth lumbar vertebra on the sacrum. The spinous processes of the third, fourth 
and fifth lumbar vertebrae impinged and there was sacro-iliac relaxation, as 
indicated by abnormal mobility at the pubic synchondrosis. 

Operation. — Jan. 28, 1921, fusion from third lumbar vertebra to the sacrum, 
inclusive, was accomplished. The third' spinous process exhibited a bony 
exostosis as a result of its rubbing on the fourth lumbar vertebra. The fourth 
was displaced forward from the fracture and impinged tightly on the fifth 
lumbar vertebra. The first sacral vertebra was very short and laterally displaced. 
The laminae of the fifth lumbar vertebra were thrust forward under those of 
the fourth to an abnormal degree, and there was slight lateral deviation of 
the spine in a general way, with its greatest convexity at the fourth lumbar 
vertebra. All the articular processes had slipped slightl}’' in accommodation 
to the deformity. 

Present Coiidition. — The patient is perfectly free from symptoms, perfectly 
erect and enjoying normal activity. 

Case 15. — W. B., an architect, aged 61, of stocky build and good muscular 
development, ten years previously had fallen downstairs, alighting on his neck 
and forcing the head violently forward. Since that time, there had been 
constant pain in the neck and shoulders. A 3 'ear before he was seen, the 
pain was increased bj" another accident and at the time of examination was 
very acute. 

E.vaniination. — He held his head and neck in a distinctlj' protective posture, 
he was unable to extend his head beyond a point of slight flexion. Rotation 
was about 75 degrees, whereas flexion was nearly complete. Both were limited 
by pain, which radiated to the midscapular region. The roentgen raj- revealed 
an impacted fracture of the fourth and fifth cervical vertebrae, with tilting 
forward and downward of the fourth cervical vertebra in such a manner as 
widely to separate the spinous processes. Bonj' callus bridged the bodies of 
the fifth, sixth and seventh vertebrae, anterior!}'. The intervertebral disks 
were very thin. 
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Fig. 10 (Case 18). — Compression fracture of the fifth lumbar and first 
sacral vertebra and anterior displacement of the fifth lumbar vertebra. 
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Fig. 11 (Case 18). — Compression and anterior displacement. 


Examination. — The posture was protective, with the lumbar region flat and 
held rigid by muscular spasm. All motion was greatly impaired ; and while 
there was no evidence of cord pressure at the time of examination, he had had 
some difficulty from that source. The roentgen ray revealed compression frac- 
ture of the fifth lumbar and first sacral vertebrae, with one-fourth inch (6.4 
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mm.) anterior displacement of the former and much decalcification throughout. 
The third and fourth lumbar vertebrae were apparentl)' normal. 

Operation . — May 31, 1921, fusion from the second lumbar vertebra to the 
sacrum, inclusive, was accomplished. The laminae of the fifth lumbar vertebra 
were broken loose through the pedicle on the right side and at the base of the 
spinous process on the left. This part was dislocated posteriorly. The fifth 
lumbar vertebra itself was thrust forward. The spinous process was flattened 
from side to side and its long axis was in a lateral position. The fourth vertebra 
seemed normal ; but the laminae of the third were free, as a result of ununited 
fractures at their bases. The relations were good and the second was in 
normal condition. 

Present Condition . — The patient has experienced complete relief and has 
resumed his occupation of truck driver. 

Case 19. — F. K., a lead burner, aged 33, stocky, well built and of good 

muscular development, while working in M in April, 1921, when a 

scaffolding gave way, fell 20 feet (6 meters), amidst numerous rolls of lead. 
A diagnosis of fractured spine was made, and a plaster jacket applied. Soon 
after he was sent back to the Uitited States. Severe symptoms of pressure on 
the cord persisted for more than a month. 

Examination . — There was a small, rounded kyphos, with its apex at the first 
lumbar vertebra. The spinous processes in this region were so dose together that 
they could not be differentiated. There were active pain and spasm on any 
motion, but especially on extension and right lateral flexion. He had some 
numbness in the right thigh, and the patellar reflexes were greatly exaggerated. 
There was a suggestion of ankle clonus. The roentgen ray revealed a com- 
pression fracture of the first lumbar vertebra, with a normal intervertebral 
disk between it and the twelfth dorsal vertebra, and one that was thinned 
between it and the second lumbar vertebra. The transverse processes of the 
first, second, third and fourth lumbar vertebrae were fractured on the right side. 

Operation . — June 14, 1921, fusion from the eleventh dorsal to the second 
lumbar vertebra, inclusive, was accomplished. The first lumbar vertebra was 
displaced backward on the second by impaction between the laminae. Those 
of the first and twelfth vertebrae were widely separated ; and in the midline, the 
pulsating cord membranes could be seen. The spinous process of the first 
was directed to the right in its lower aspect. The vertebra itself was very stable. 

Present Condition . — There is complete relief, and he has resumed his 
occupation. 

Case 20. — M. G,, woman, bookkeeper, aged 18, heav}' set and fat, about three 
and a half years previously, had fallen five stories, alighting on her feet and 
buttocks, and fracturing both legs and her spine. She had had constant 
treatment of all kinds but had never since been free from pain. 

Examination . — The posture was severely protective, with marked muscular 
spasm on manipulation, and limitation of motion in all directions. -A. small 
kyphos was present, with its apex at the third lumbar vertebra. The roentgen 
ray revealed a compression fracture of the second and third lumbar vertebrae, 
with the third body dislocated slightly to the right side and sharp wedging, 
anteriorly, of both. The intervertebral disk was partially destroyed. The fourth 
lumbar vertebra was displaced a short distance to the left side and its spinous 
process was down ne.xt to that of the fifth lumbar vertebra. The spinous 
processes of the second and third lumbar vertebrae were also impinging. 
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Operation. — ^July 12, 1921, fusion from the second lumbar to the fifth lumbar 
vertebra, inclusive, was accomplished. The spinous processes of the second 
and third lumbar vertebrae were tightly opposed to one another, even though 
the third was dislocated downward sufficiently to make contact with the fourth, 
and the fourth overrode the fifth on the left side for nearly one-fourth inch 
(6.4 mm.). The second lumbar vertebra was slightly displaced posteriorly on 
the third, the third was jammed down so far on the fourth that the interlaminal 
space was almost obliterated. The third was not stable. The fourth was 
dislocated a short distance to the left side, making possible its peculiar relation 
to the fifth, which seemed normal. The articular facets were displaced, in 
keeping with the other parts of the vertebrae. 

Present Condition. — The patient is back at work, free from symptoms. 

Case 21. — M. W., a volunteer fireman, aged 29, very- large, powerful, and 
big-boned, a year ago last May was thrown from a fire truck and received what 
was diagnosed as a fracture of the spine. He was in bed three months, and 
rvore a plaster support for six. The pain in the lower back and down the right 
thigh, however, had continued. He had been on light duty since September, 1920. 

Examination. — ^The posture was good, except for a slight deviation of the 
trunk to the left. Flexibility was fairly free, except to the right. Muscular 
spasm could be elicited only when manipulations were forced. The roentgen 
ray revealed a compression fracture of the fourth and fifth lumbar vertebrae 
on the left side, .with spinal inclination to the same side and slight posterior 
displacement of the fifth on the sacrum. 

Operation. — Aug. 9, 1921, fusion from the fourth lumbar to the sacrum, 
inclusive, was accomplished. The spinous processes of the third and fourth 
lumbar vertebrae were bifurcated in the lower aspect of the tips, and were 
in contact with the fifth. The fifth lumbar vertebra was dislocated back and 
down on the sacrum, fully a half inch (12.7 mm.), the articular facets nearly 
passing one another. The same condition was true of the fourth and the fifth, 
but only to about half the extent. The relations between the third and fourth 
were normal except for the spinous processes ; so the third vertebra was not 
included in the fusion. 


Present Condition. — The patient is back at work and has no symptoms. 

Case 22. — S. S., a monument worker, aged 18, tall, with fair musculature, 
wffien 12 years of age had fallen 10 feet (3 meters), alighting on his buttocks. 
He rvas not completely disabled ; but since he had been active, there had been 
a great deal of aching in the lower back and some sharp pain between the 
shoulders. Also, on one occasion, after an accident, there had been pain 
in the left hip. 

E.ramination. — ^The posture was military, with an exaggerated lordosis; but 
there was prominence of the upper end of the sacrum. The seventh dorsal 
spinous process was also prominent. There rvas a wide gap between it and the 
eighth lumbar vertebra and also between the fourth and fifth lumbar vertebrae. 
All spinal movements were limited, especially flexion. The lumbar muscles 
were greatly’’ hypertrophied. The roentgen ray revealed an anterior displace 
ment of the fifth lumbar vertebra on the sacrum, of nearly three-fourths inc i 
(19 mm.). Its relation to the fourth lumbar vertebra seemed normal, althoug 
there w’as thinning and collapse of the bodies of both this vertebra an o 
the first sacral vertebra. No abnormality of the seventh or eighth orsa 
vertebra could be seen. 
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Operation. — Aug. 31, 1921, fusion from the third lumbar vertebra to the 
sacrum, inclusive, was accomplished. Fully three-fourths inch (19 mm.) 
anterior displacement of the fifth lumbar vertebra on the sacrum was found. 
The neural arch of this vertebra was loose through ununited fractures in the 
pedicles on either side. The laminae of the fourth lumbar vertebra almost 
came into contact with the anterior and upper portions of those of the first 
sacral, although the fourth was tilted down in such a way as to direct them 
nearly straight back. The position was not stable, but no ununited fracture 
could be demonstrated. The articular facets of the third vertebra had slid 
half way past those of the fourth lumbar vertebra, while those of the fifth 
and first sacral vertebrae were almost completely absorbed. The relations 
between the second and third were normal. 

Present Condition . — The patient is now in school and the symptoms are 
relieved. 

CONCLUSIONS 

It is evident from the study of these cases that ; 

1. Many fracture-dislocations of the spine are not recognized. 

2. They occur with greatest frequency in the lumbar spine ; and 
the fifth lumbar vertebra is the one most often injured. 

3. Those which take place in childhood may not cause symptoms 
until adult life, when the completed ossification of the vertebrae destroys 
their capacity for accommodation to altered shape and position. 

4. The symptoms are caused by the mobility of these altered joints 
and ununited fractures. Elimination of motion is essential to com- 
plete and permanent relief. 

5. Fusion of the articulating bones is a means to that end. It has 
been accomplished by the operation herein described, with complete 
relief in every case. 

6. The safety and completeness of the exposure made in this dissec- 
tion would seem to justify its use as a means of diagnosis in exceptional 
cases of patients seriously disabled, when every other means has 
failed, such as Cases 16, 18 and 22. 



CARCINOMA OF THE LUNG: A STUDY OF ITS 
INCIDENCE, PATHOLOGY AND RELATIVE 
IMPORTANCE 

WITH A REPORT . OF THIRTEEN CASES STUDIED AT NECROPSY * 

MOSES BARRON, M.D. 

MINNEAPOLIS 

The increasing incidence of carcinoma of the lungs is attracting the 
attention of many observers. Since the time it was first recognized 
by Bayle,^ in 1810, who described it as “phtisie cancereuse,” one of 
his six varieties of phthisis, it has almost been a tradition that carcinoma 
of the lung is an extremely rare disease of negligible clinical importance 
and that its antemortem diagnosis is practically impossible. Very 
few textbooks devote more than a paragraph to the whole subject. 
A review of the more recent literature shows that it is time to discard 
these false concepts. The relatively frequent occurrence of the disease 
is today making imperative for its recognition a more detailed knowl- 
edge of its pathology, symptomatology and differential diagnosis. 

Hampeln ^ states that the idea of the rarity and undiagnosability 
of the primary tumors of the Ivmg has been gradually changed since 
1895. Not only is there an absolute increase in the number of cases but 
there is a threefold relative increase. Undiagnosability simply resolves 
itself into unfamiliarity with the more or less characteristic signs and 
symptoms. Packard ® and Fishberg * call attention to the evident 
increasing frequency. The latter adds that this increase has been noted 
principally by pathologists rvhen making postmortem examinations. 
Even Adler,® as late as 1912, stated that primary malignant neoplasms 
of the lung are among the rarest forms of disease. 

* From the Departments of Pathology and Medicine, University of Minnesota 
Medical School. 

* Read in abstract before the Minnesota State Medical Society, Duluth, Minn., 
Aug. 25, 1921. 

1. Bayle: Recherches sur la phtisie pulmonaire, Paris, 1810, cited by Cottin 
et al., Ann. de med. 8:435, 1920. 

2. Hampeln ; Zur Symptomatologie und Diagnose der primaren malignen 
Lungentumoren, Mitt. a. d. Grenzgeb. d. Med. u. Chir. 31:672, 1919. 

3. Packard, M.; Primary Malignant Neoplasms of the Lung, Am. J. Med- 
Sc. 154:351 (Sept.) 1917. 

4. Fishberg, M., and Steinbach, M.: The Diagnosis of Intrathoraci 
Neoplasms, Med. Rec. 99:513 (March 26) 1921. 

5. Adler: Primary Malignant Growths of the Lungs and Bronchi, 

York, Longmans, Green & Co., 1912. 
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STATISTICS 

A careful review of llie literature demonstrates the increasing 
importance of this disease. Some of the reports are not reliable because 
cases are reported as primary carcinoma without necropsy or histologic 
studies. Statistical study, therefore, loses in value on account of the 
unverified cases. Postmortem studies, of course, are generally reliable. 
According to ^^^cller,''‘ the prerequisites of an “authentic” case are: first, 
necrop.sy ; second, nature of the lesion, verified by the microscope; third, 
establishment of the fact that the neoplasm is not secondary. Wolf," 
in a series of 20,116 necrojisies in the Dresden liospital from 1852 to 
1894, found forty-five cases of primary lung carcinoma (0.223 per 
cent.). Fiichs ® reported 0.065 per cent., in a series of 12,307 necropsies 
from the Pathological Institute of Munich from 1854 to 1885. Rein- 
hardt,'* in 1878, rejiortcd five cases, or 0.057 per cent., of lung tumors 
among 8,716 necropsies from the City Plospital of Dresden. Passler 
found 870 cases of carcinoma among 9,246 necropsies in the Pathological 
Institute of Breslau, from 1881 to 1894. Of these, sixteen cases, or 
0.183 per cent, of the total, were pulmonary cancers. Rolleston and 
Trevor ” gave statistics from St. George’s Hospital covering the 
period from 1890' to 1902. Among 3,983 necropsies, there were six 
sarcomas and only two carcinomas of the lung (0.05 per cent.). They 
slate that primary malignant disease of the lung is very rare and most 
difficult to diagnose and that sarcomas are more frequent than car- 
cinomas. Von Wiczskowski reports 126 cases among 58,497 
necropsies (0.21 per cent.), Brie.se gives a very careful classification 
of the necropsy findings in 12,971 cases at the Pathologic and Hygienic 
Institute of Chemnitz, from 1898 to 1916. Among 1,287 cases of 
carcinoma encountered in this series, 60, or 0.46 per cent, of the total 
number of necropsies, were primary tumors of the lung. In a list giving 
the twenty-four principal organs that were the primary seat of car- 
cinoma, the stomach comes first, with 458 cases ; the uterus second, 

6. Weller, C. V.: Primary Carcinoma of the Larger Bronchi, Arch. Int. 
Med.' 11:314 (March) 1913. 

7. Wolf, K. : Der Primare Lungenkrebs, Fortschr. d. Med. 13:725, 1895. 

8. Fiichs : Bcitragc zur Kenntniss der primaren Geschwiilstbildungen in 
der Lunge. Diss. Miinchen, 1886. 

9. Reinhardt: Der Primare Lungenkrebs, Arch. f. Heilkunde 19:369, 1878. 

10. Passler: Ueber das Primare Carcinom der Lunge, Virchows Arch. f. 
path. Anat. 145:191, 1896. 

11. Rolleston, H. D., and Trevor, R. S. : A Case of Primary Sarcoma of 
the Lung Simulating Empyema, Brit. M. J. 1:361, 1903. 

12. Von Wiczskowski: Ueber der Primaren Lungenkrebs, Wien. klin. 
Wchnschr. 26:1067, 1913. 

13. Briese : Zur Kenntniss des Primaren Lungenkarzinoms mit statistischen 
Angaben, Frankfurt. Ztschr. f. Path. 23:48, 1920. 
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with 187 cases ; the lungs and bronchi sixth, with 60 cases ; the breast 
seventh, with 40 cases, and the pancreas tenth, with 24 cases. I give 
this series to show how early in the list the pulmonary tumors come. 
It is of interest that the lung tumors come even before those of the 
breast. A probable explanation for this fact is that patients with 
operable carcinoma, such as that in the breast, are most likely to die 
outside of hospitals, from recurrence or metastasis. Oerstrom “ gives 
the percentage as 0.31 in 10,272 necropsies at- the Charite Pathological 
Institute in Berlin from 1900 to 1907. Cottin reports twenty-nine 
cases encountered in the Cantonal Hospital in Geneva during the years 
1900 to 1920. Unfortunately, the total number of necropsies is not 
given. Symmers reports five cases encountered at the Pathological 
Laboratory of Bellevue Hospital from 1907 to July, 1919; while from 
July, 1919, to December, 1920, eight cases were encountered Fish- 
berg ^ reports thirty-three cases from the Montefiore Hospital in Ne\V 
York City during the past five years. 

In a series of 4,362 necropsies performed in the Department of 
Pathology of the University of Minnesota from 1899 to June, 1921, 
there are recorded thirteen cases of primary carcinoma of the lung 
(0.29 per cent.). From 1899 to 1911, there is not a single case of carci- 
noma of the lung recorded in a series of 1,333 necropsies. From 1912 to 
1918, inclusive, a period of seven years, there are recorded four cases 
in a series of 2,026 necropsies, or 0.2 per cent. From January, 1919, 
to June, 1921, a period of two and one-half years, there were per- 
formed 1,003 necropsies; and in this series, nine cases of primary 
pulmonary carcinoma were found. This makes 0.9 per cent, for this 
series, giving the highest figure recorded in the literature. Of course, 
one cannot draw any conclusions from a series so small. Nevertheless, 
it is of extreme interest to find the figures up to 1918 corresponding 
very closely to those found in the literature, but that in the period from 
1919 to the present time the figure rises abruptly to about four times 
the average incidence as revealed by large statistics. Kaufmann^^ 
gives 1.76 per cent, as the frequency of pulmonary carcinoma in 
relation to carcinomas in general. Since all forms of carcinoma com- 
prise about 10 per cent, of all cases studied at necropsy, Kaufmann s 
percentage for pulmonary tumors would be less than 0.2 per cent. 
Ewing places the percentage even lower, approaching more nearly 

14. Oerstrom, cited by Edlavitch, B. M. : J. A. M. A. 59:181 (July 20) 1912. 

15. Cottin, Cramer et Saloz: Du Diagnostic de Cancer primitif du Poumon, 
Ann. de med. 8:435, 1920. 

16. Symmers, cited by Fishberg and Steinbach; Med. Rec. 99:513 (Marc 
26) 1921 

17. Kaufmann; Spezielle pathologische Anatomic, Ed. 6, 1911, 1 : 310 , 1911. 

18. Ewing, James; Neoplastic Diseases, Philadelphia, W. B. Saunders Com 
pany, 1919, p. 785. 
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0.1 per cent. The apparent increase in the number of primary lung 
tumors encountered by the authors above mentioned is : Reinhardt, 
1878, 0.057 per cent.; Fiichs, 1885, 0.065 per cent.; Passler, 1894, 
0.083 per cent.; Wolf, 1894, 0.223 per cent.; Oerstrom, 1907, 0.31 
per cent.; Brie.se, 1916, 0.46 per cent., and our series, 1919-1921, 0.9 
per cent. 

KTIOnOGV 

The etiology of pulmonary cancer offers the same difficulties of 
solution as any other type of cancer. Trauma plays perhaps an even 
lesser role that in neoplasms elsewhere, since the lungs are so well 
protected by a bony cage; but Ewing believes that it has figured 
prominently in the history of many cases. Race and heredity are 
api^arently unimportant factors. There is a definite relation to sex, 
the proportion being given as three in the male to one in the female 
(Adler,-"' Briese,'-’’ Kaufmann,*' and Ewing The greatest incidence 
is in the sixth decade (about 30 per cent.) ; and more than 75 per cent, 
of the cases occur between the ages of 40 and 70. In Briese’s series, 
the youngest patient was 26. Adler cites six cases occurring between 
the ages of 10 and 20 and Ewing tells of one case in a girl, 7 years 
old. In our series, 92 per cent, of the cases occurred between the 
ages of 40 and 70 — the youngest patient being 42 and the oldest 72 
years. 

Perhaps the chief etiologic factors are inflammatory conditions, and 
of these, tuberculosis is the most important. This is contrary to 
Rokitansky’s old dictum that carcinoma and tuberculosis are incom- 
patible — that tuberculosis practically precludes cancer. Many series 
of cases in the literature have proved that carcinoma is not infrequently 
found associated with tuberculosis, developing especially in the scars 
and walls of tuberculous cavities. The explanation for Rokitansky’s 
statement probably lies in the fact that tuberculosis is a disease of early 
adult life while carcinoma is a di.sease of late adult life; the two 
diseases, therefore, having different age incidence. Paterson suggests 
that persons possessing an inherited tendency to tissue proliferation 
might be resistant to the development of tuberculosis. 

Kaufmann states that the tumor develops in the walls of bronchi- 
ectatic cavities as well as in those of tuberculosis. The bronchiectasis 
encountered, however, is more often probably the result, rather than 
the cause, of the neoplasm ; the dilatation arising from partial stenosis 
and secondary inflammatory changes consequent on the new growth. 
Several of our cases, especially Cases 6 and 10, show this fact very 
plainly. The unusual statistics from the cobalt, nickel, and bismuth 

19. Paterson: Pulmonary Tuberculosis, in Tice, Frederick: Practice of 
Medicine, Hagerstown, Md., W. F. Prior Company 2:475, 1920. 
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mines of Schneeberg, Silesia, for -the period of 1879 to 1884, so often 
quoted in the literature, are now no longer invoked to prove the 
relation of chronic irritation to cancer. According to these statistics, 
among from 600 to 700 men employed, there was a yearly mortality 
of from 28 to 32, of which 75 per cent, were said to be due to 
pulmonary cancer. It is now believed that most of the lesions then 
reported were inflammatory and not neoplastic in origin. 

I believe that it is not at all unlikely that another chronic inflam- 
matory process may be responsible for a number of pulmonary cancers 
encountered during the past few years. It is possible that this might 
explain the rather striking increase in incidence recentl)^ I have in 
mind the influenza epidemic of 1918-1919. The rather striking increase 
in the number of cases in our series during the past two and one-half 
years (nine cases) over that of the previous eighteen years (four 
cases) was also the experience of Dr. Symmers of Bellevue Hospital in 
New York, where from July, 1919, to December, 1920, during a 
period of a year and a half, they encountered eight cases, while during 
the previous twelve and a half years they had encountered only five 
cases. In discussing this subject with pathologists from other hos- 
pitals, I found that the same impression of an increase in incidence 
since 1918 seems to obtain. It is, therefore, not far fetched to assume 
that there may be a causal relation between the residual pulmonary 
lesions from the influenza epidemic and the present apparent increase 
in lung carcinomas. 

PATHOLOGY 

Carcinomas of the lung vary greatly in the gross and microscopic 
appearances. Some authors try to differentiate between the bronchial 
and parenchymal carcinomas in their classifications but this distinc- 
tion is now being discarded. Grossly the tumors may be classified in 
three types : (1) nodular; (2) diffuse or lobar ; (3) infiltrating. The 

third type is the most common and the second type the least common 
of these tumors. Most of our thirteen cases belong to the third group. 
There was not a single case encountered of the second, or diffuse, type. 
As the name implies, the nodular form is a circumscribed tumor which 
on section is gra)dsh white or yellowish in color and occasionally 
shows areas of necrosis and small cavity formation (Fig. !)• The 
second, or diffuse, type sometimes resembles lobar pneumonia, involv- 
ing one or several lobes. This type is best illustrated by the case 
reported by Briese. A man, 49 years old, developed a sudden attack 
of weakness, dyspnea, slight fever and rapid emaciation. There was 
marked expectoration but few ph 3 'sical signs. Death occurred within 
nine weeks after the onset. At necropsy both lungs were found to be 
equally consolidated and enlarged, the right one weighing 2,360 gm. 



BARRON— CARCINOMA OF LUNG 


629 


and the left one 2,750 gm. There was little crepitation, and the 
tissues of both lungs sank in water. The cut surface was grayish 
white; the septums appeared anthracotic and a glairy mucus escaped 
from the bronchi and parenchyma. The bronchial tree was not infil- 
trated and there were no metastases except into the prevertebral and 
peribronchial lymph nodes. Microscopically, the tissue showed the 
alveolar structure well retained and the principal changes were in the 
lining epithelium. In place of the very flat alveolar cells, there were 
single layers of high columnar, closely packed, nonciliated cells. The 
cytoplasm of these cells stained deeply and manjf of them showed 
vacuoles. Some of the large alveoli contained papillary projections. 
Some areas showed low columnar, cubical or flat cells. Indeed, all 
gradations from the normal to the high columnar type of cell could 
be traced out. Most of the alveolar spaces were filled with h3'aline 
or granular masses of mucus and debris. The metastases into the 
lymph nodes showed the same glandular structure as that of a papillary 
adenocarcinoma. 

A case similar to the one described above is that described by 
Gordon.^® A woman, 51 years old, was sick four months, with cough, 
dyspnea, tachycardia, profuse perspiration and progressive anemia. 
Physical examination revealed consolidation of the right lung sug- 
gesting pneumonia. At necropsy, the entire right lung, except the 
lower portion, was found to be solid, grayish in color, suggesting the 
gray hepatization of lobar pneumonia. Microscopically, the alveolar 
structure was well preserved. The general appearance was the same 
as that described in the previous case. Another case of this type is 
reported by Ravenna in a man, 45 years old, who presented con- 
solidation of the right loAver lobe. Studies at necropsy revealed changes 
similar to the preceding. RaA-'cnna believes that this tumor originated 
in the bronchial epithelium and not in the alveolar epithelium. He 
quotes Marchiafava -- and Malassez-^ to support his contention. 

The infiltrating variety generally starts from one of the larger 
bronchi and infiltrates the surrounding lung tissue; sometimes the 
tumor follows closely along the bronchial ramifications. 

The size of the tumors varies. Occasionally, the}'’ are so small 
that only the metastases produce the symptoms. As to location, most 

20. Gordon, A. K. : Primary Diffuse Alveolar Carcinoma of the Lung, 
Lancet 2:501 (Sept. 4) 1920. 

21. Ravenna: Contribution a I’etude du cancer primitif du poumon. Arch, 
de Med. exper. et d’anat. Path. 21:87, 1909. 

22. Marchiafava; Di tin cancro primitiva del polmone a cellule cilindriche 
con reproduzione vel cervello e nell osso frontale, Riv. de din., Bologna 4 : 
150, 1873. 

23. Malassez : Examen histologique d’un cas de cancer encephaloide du 
poumon, Arch, de physiol, norm, et path. 2:353, 1876. 
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authors agree that the right lung is more often involved than the left 
and that the upper lobe is more frequently affected than the lower. 
Hampeln, in a large series of cases, found the upper lobe involved 
about three times as often as the lower. 

HISTOGENESIS 

The histology of the lung presents three types -of epithelial elements 
which may give rise to tumors: (1) bronchial epithelium; (2) bronchial 
mucous glands, and (3) alveolar epithelium. The histogenesis of 
most of the tumors encountered is very difficult to determine except 
perhaps in very early stages. The difficulty is due to the fact that 
the morphology of neoplastic cells is modified by inflammatory 
processes associated with the new growth and that the lung tissue by 
its very nature is especially susceptible to the development of extensive 
inflammatory reactions. Besides, the three types of epithelial cells just 
mentioned are very closely related morphologically; the secretory cells 
of the mucous glands and the pavement cells lining the alveoli are 
only slightly modified columnar cells which line the bronchi. It is 
far-fetched, therefore, to conclude, as some authors do, that the 
squamous-cell carcinomas have their origin in the alveolar epithelium 
merely because they happen to be flat squamous cells. Similarly, some 
authors trace the origin of certain tumors to the mucous glands simply 
because there is an abundant mucoid secretion in the tissue; but the 
presence of intracellular or intra-acinar mucus is no evidence of the 
origin of the tumor from the glands, to the exclusion of its origin 
from bronchial epithelial cells, since the latter also secrete mucus.® 
Thus, we find that the criteria for the origin of some of the tumors 
described in the literature are erroneous. 

Most authors believe that the majority of these tumors arise from 
the bronchial epithelium and that only a very few arise from the 
parenchymal or alveolar epithelium. The cases of Briese, Gordon and 
probably Ravenna, cited above, most likely belong to the latter group ; 
but these cases are so rare that, as Adler well points out, a primary 
carcinoma of the lung is a bronchial carcinorna. Passler claims that 
no definite case has as yet been shown to have originated from the 
alveoli. Kaufmann believes, on the other hand, that these tumors arise 
principally from the mucous glands. 

Histologically, lung cancers may be classified into several groups . 

1. Cylindric cell carcinoma; (o) adenocarcinoma; (b) carcinoma 
simplex; (c) scirrhous carcinoma; (d) alveolar carcinoma, (e) 
medullary carcinoma, and (/) colloid or gelatinous carcinoma. 

2. Squamous-cell carcinoma (cancroid). 

3. Mixed type. 
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The cylindric cell carcinomas are the most common of the lung 
tumors. These may be subdivided into types, depending on the arrange- 
ment and grouping of the cells. Of these, the adenocarcinoma is the 
one most often encountered. Figure 7 represents a typical example 
of adenocarcinoma. There are typical glandlike structures, lined by 
one or several layers of cylindric epithelium. In cases of diffuse 
(alveolar) carcinoma, large papillary invaginations are often present, 
suggesting the pajnllary type of adenocarcinoma. Many of the lining 
cells show vacuoles containing mucoid secretion. In a few cases 
reported, the alveoli are filled with quantities of mucinous material. 
M'hen this material is very abundant, both the gross and microscopic 
pictures suggest colloid or gelatinous carcinoma. Both Aschoff and 
Kaufmann refer to this type. Some authors are of the opinion that 
this abundance of mucus demonstrates the origin of this type of tumor 
from the mucous glands. As has been mentioned, this is not a safe 
basis for such conclusion. Another group of tumors shows arrange- 
ments strongly resembling the bronchial mucous glands (Fig, 3). In 
these glandlike structures, the individual cells have very distinct cell 
outlines and cell walls. This fact I believe to be of importance in 
tracing their histogenesis from the bronchial glands. 

Carcinoma Simplex. — This tumor arises from either the bronchial 
epithelium or from the mucous glands. It shows irregular, solid nests , 
or cords of undifferentiated epithelial cells surrounded by a connective 
tissue stroma. 

Scirrhous Carcinoma. — Some tumors are slow growing and present 
enormous amounts of connective tissue proliferation with relatively 
few tumor cells. It is quite likely that this type of tumor originates 
most frequently from the mucous glands. Figure 11 illustrates this 
type. Langhans reports a scirrhous type of carcinoma in which he 
traced an unbroken series of hyperplastic glands into infiltrating cords 
of tumor cells. Flis case is very similar to our Case 13. Some areas 
show an overgro\\i.h of glands which break up and become dislocated 
in the dense connective tissue stroma, as cords and strands of cells. 
Langhans believes that the deeper acini are the ones to become first 
involved. 

-..Alveolar Carcinoma. — Large solid masses of pleomorphic cells 
occupy spaces resembling • lung alveoli. Often the connective tissue 
septums between the tumor cells are the remains of the alveolar walls, 
a fact demonstrable by the use of elastic tissue stains which show the 
presence of elastic fibers. 

Medullary Carcinoma. — A small group of cases present microscopic 
pictures which make it difficult at times to differentiate between 

24. Aschoff; Pathologische Anatomic, Ed. 3 2:333, 1913. 

25. Langhans : Primarer Krebs der Trachea und Bronchien, Virchows 
Arch. f. Path. Anat. 53:470, 1871. 
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carcinoma and sarcoma. The cells are often compact, small, pleo- 
morphic and have very little cytoplasm. Figure 4 illustrates such a 
case. It is quite likely that a number of tumors reported as sarcomas 
in the literature belong to this type. Ewing believes that of the ninety 
cases of sarcoma reported by Adler only a minority present sufficient 
evidence to justify their separation from the diffuse carcinomas. From 
the description, the case reported by Blumgarten^^ corresponds more 
to a carcinoma than to a sarcoma, though he reported it with the 
latter diagnosis. He describes closely packed cells, collected into 
islands or columns or forming the lining .of the alveolar spaces. 
Rolleston and Trevor state that the primary tumor of the lung is 
generally in the nature of sarcoma, a conclusion directly opposed to 
that of most observers. Aschoff, for example, states that of the 
primary lung tumors sarcoma is extremely rare. It is very likely that 
the English authors are confused in the identification of these tumors. 

Colloid or Gelatinous Carcinoma . — This type of tumor I have 
already described under the adenocarcinomas. No case of this type 
was encountered in our series. 

Squamous-Cell Carcinoma . — This is a very interesting type of 
tumor, especially from the standpoint of its histogenesis. It has 
attracted the attention of many observers. Statistics vary as to its 
frequency. In our series we had one cornifying and one non- 
cornifying type of cancroid. In classifying eighty-five cases of 
carcinoma from the literature, Henrici found twelve cases of 
acanthomas, of which only four were cornifying. Wolf found eight 
acanthomas among fifteen bronchial carcinomas. According to the 
statistics of Watsuji,^® 32.2 per cent, of all pulmonary carcinomas are 
of the pavement cell variety. This is certainly not borne out by 
statistics in general. The statistics of Knieriem relative to his find- 
ings on the proportions of pulmonary cancers appear to coincide more 
accurately with the general statistics on this subject. He reported, in 
1909, that in Leipzig during nine years there were seven acanthomas 
in a total of seventy-five cases of cancer of the lung an incidence of 
about 10 per cent. 

26. Blumgarten: Primary Malignant Tumor 'of the Lung, M. Climes N. 
Am 2:1145 1919. 

27. Henrici; Primary Cancer of the Lung, J. M. Research 21:395, 1912. 

28. Wolf, cited by Ewing, James : Neoplastic Diseases, Philadelphia, \\ . • 

Saunders Company, 1919, p. 789. 

29. Watsuji: Ztschr. f. Krebsforsch. 1:445 (cited by Adler: Footnot^e oL 

30. Knieriem: Ueber ein primares Lungenkarzinom, Verhandl. d. deutsc . 
path. Gesellsch. 1909, p. 407. 
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The origin of this type of tumor is still under discussion. Schot- 
telius believes that it has its origin in the lymphatic endothelial cells. 
This view has, of course, been discarded. Another view is that 
it originates in the basement epithelial cells of the alveoli. Edlavitch 
reports a case of acanthoma in which he says the tumor cells have a 
striking resemblance to the squamous epithelium normally lining the 
air spaces; and he, therefore, concludes that the tumor arose from 
the alveolar epithelium. I have already pointed out the fallacy of 
such a conclusion. Another theoi*}' is that these tumors arise from 
epithelial rests. This is a possibility; but tbe more accepted theory 
is that of cellular metaplasia. The consensus of opinion now is that 
the acanthomas nearly always arise through epithelial metaplasia in 
the bronchi. Ernst believes that the tumor may develop in an area 
of preexisting squamous-cell metaplasia. He cites the case of Seigert 
in which a benign papilloma with epithelial pearls was found in the 
trachea at the bifurcation. He believes that such a benign tumor may 
undergo malignant change. Haythorn,^'^ working in the Magie Labora- 
tory of tbe Mercy Hospital, Pittsburgh, found areas of squamous-cell 
metaplasia in the epithelium of the bronchi in three cases of pneumonia. 
He believes that the squamous epithelium replaced the columnar 
epithelial cells after the latter disappeared through the inflammatory 
process. Davis and LeCount,-'*® in their case of squamous-cell carcinoma 
of the main left bronchus, found that the mucosa of the trachea from 
1 cm. above the bifurcation, extending well into both primary bronchi, 
resembled skin. In this case, also, the metaplasia apparently appeared 
first. 

As has already been mentioned, a condition often associated with 
acanthoma is tuberculosis. Kaufmann, Aschoff and others believe that 
most cases of this type of tumor origirlate in the scars and fibrotic 
walls of tuberculous cavities. Askanazy has shown that squamous 
epithelium may result from irritation in the respiratory tube. He 
found patches of this type of epithelium replacing the columnar ciliated 
epithelial cells of the trachea and bronchi in thirty-eight out of ninety 

31. Scliottclius : Ein Fall von Primaren Lungenkrebs., Diss. Wurzburg, 
1874. 

32. Edlavitch, B. M. : Primary Carcinoma of the Lung, J. A. M. A. 59: 
181 (July 20) 1912. 

33. Ernst : Ein verhorenden Plattenepithelkrebs des Bronchus ; Metaplasie 
oder Aberration, Beitr. z. path. Anat. u. z. allg. Path. 20:155, 1896. 

34. Seigert : Ueber primare Geschwiilste der unteren Luftwege, Virchows 
Arch. f. path. Anat. 129:413, 1892. 

35. Haythorn, cited by Henrici : J. M. Research 21:395, 1912. 

36. Davis and Le Count: Report of Two Cases of Primary Bronchus 
Carcinoma, Tr. Chicago Path. Soc. 7:129, 1908. 

37. Askanazy, M. : Ueber die Veranderungen der grossen Luftwege beson- 
ders ihre Epithel-mataplasie bei der Influenza, Cor.-BI. f. schweiz. Aerzte 49: 
80 (Jan. 18) 1919. 
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cases in which the patients had died in the influenza epidemic of 1918. 
The multiple layers of stratified epithelium extended into the ducts of 
some of the g’lands. He believes that such epithelial metaplasia may 
predispose to tumor formation. Ernst calls attention to the fact that 
cornifying squamous epithelium is not infrequently encountered in 
ozena, chronic endometritis, tuberculosis of the trachea, ichthyosis of 
the tongue, etc. Squamous epithelial cells are sometimes found also 
in the gallbladder and kidney pelvis as a result of irritation from 
calculi. Figure 10 shows an excellent example of a cornifying 
squamous-cell carcinoma and Figure 2 shows a noncornifying one. 

The possibility of these tumors arising from metaplasia of alveolar 
epithelial cells as well as of bronchial epithelium cannot be denied. 

Mixed Type . — A few tumors have been encountered in which there 
are several types of cells and structures. Meyenburg has found 
such a tumor in the lower part of the trachea. The tumor showed 
areas of typical basal-cell carcinoma with areas of cornification on the 
surface and areas containing cylindric cells and ciliated columnar 
cells in other parts. No tumor of this type was encountered in 
our series. 


METASTASES 

The metastases from lung carcinomas are frequent and numerous. 
According to Adler, the principal metastases in his collection of 374 
cases were to these organs: (1) lymph nodes, 117; (2) liver, 103; (3) 
lungs, 66; (4) kidneys, 58; (5) suprarenals, 38; (6) brain, 28 (dura 
mater, 10), and (7) bones (vertebrae, 5). 

Briese in his series of sixty cases found metastases absent in only 
four cases. Of the twenty-one organs and tissues listed in the order 
of frequency, the principal ones involved were: (1) regional lymph 
nodes, 43; (2) liver, 25; (3) pleura, 17; (4) kidney, 17; (7) lungs, 
11; (8) brain, 11; (9) bones, 9; (12) ovary, 7; (13) suprarenals, 6, 
and (17) dura, 3. 

These statistics are fairly representative of the findings of most 
observers. The relative frequency of kidney, brain, thyroid and supra- 
renal metastases is worthy of note. The sparseness of cases reported 
with bone metastases may be due to the fact that, at routine post- 
mortem examinations, the involvement of bones is often overlooked. 
Often in only those cases in which definite symptoms had resulte 
from bone lesions are the bones examined. As previously mentione , 
the metastasis sometimes presents the principal and only symptoms. 
Numerous cases may be found in the literature in which ony tie 
necropsy revealed the true primary lesion when the clinical diagnosis 


38. Meyenburg: Ueber eine Ba.aUellengeschryulst der Trachea 
Differenzierung zu Pflaster- und Zylinder bzw. Flimraerep.thel, Centralb. . 
allg. Path. u. path. Anat. 30:577, 1920. 



BARRON— CARCINOMA OF LUNG 


635 


of cerebral hemorrhage, brain tumor or abdominal tumor had been 
made. Boecker reported a case of primary carcinoma of the right 
lung in which the clinical diagnosis had been cerebral apoplexy. The 
necropsy, however, revealed the true lesion. Brain metastases are so 
frequent that one should always keep this fact in mind in cases in 
which brain symptoms develop in conjunction with evidences of 
indefinite, progressive, pathologic conditions of the chest. In one of 
our cases (Case 7) the brain symptoms predominated; while in another 
case (Case 13) the only findings elicited clinically were those of lumbar 
Pott’s disease. 


SYIUPTOMATOLOGY 

The symptoms of lung tumors may be so variable as to cause great 
confusion in diagnosis. The reason for this is quite obvious : The entire 
respiratory tract is subject to such a large variety of inflammatory 
processes which produce S 3 nnptoms and findings that fairly blend into 
one another. Besides, lesions in the mediastinum also produce sec- 
ondary effects on the lungs. In addition to these processes, there is 
still a third complication which causes great confusion in symptoms, 
that of inflammatory processes, such as bronchiectasis, which so fre- 
quently complicate pulmonary tumors. The symptoms, therefore, are 
at times inflammatory rather than neoplastic in origin. Case 10 
illustrates this fact very well, when even the roentgen-ray findings 
varied so much from time to time that some of the staff, including the 
roentgenologist, thought the process must be an inflammatory one. 

Although cancer of the lung presents no pathognomonic symptoms, 
there are groups of symptoms that are fairly common in this disease. 
I shall discuss the most important ones. 

1. Cough . — This is a frequent and early symptom. It is often very 
annoying. At first the cough is dry but later it may become rasping 
and productive. 

2. Pain . — This is commonly present. At times it consists only of 
a sense of discomfort or oppression in the chest. In some cases, there 
are unilateral intercostal neuralgias or pain in one shoulder or arm 
These have a slow onset and not the acute onset of ordinary neuralgias. 
The pain may be due to the cancer cells infiltrating the nerve bundles. 
Figures 6 and 13 show how extensive this infiltration frequently 
becomes. 

3. Dyspnea . — This is a late symptom. Early there is a sense of 
oppression in the chest which gradually may develop into a mild and 
later into a severe dyspnea. At times it may go on to orthopnea. 

39. Boecker; Zur Kenntniss der primaren Lungenkarzinom, Virchows Arch, 
f. path. Anat. 202:38, 1910. 
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4. Weakness.— In some cases, a general sense of weakness bet^ins 

quite early. ^ 

5. Cachexia. — Usually, the cachexia is not marked except in the 
late stages. The loss of weight as a rule is only mild or moderate. 

6. Fever . — This symptom is not infrequent because of the inflam- 
matory complications so often present. Some patients even have chills 
and night sweats. 

Of the physical findings, only a few need be mentioned. One of 
these is flatness of the chest when an effusion is present. A prominent 
finding is “cornage,” a condition which is dependent on partial obstruc- 
tion to a bronchus. The persistence of this sign when other findings 
were disappearing was the basis of insisting on the ' diagnosis of 
carcinoma in one case of our series (Case 10). 

The term “cornage” was first used by a Frenchman, Behier,^® and 
designates a peculiar type of tubular breathing elicited by auscultation, 
which is caused by the narrowing of the bronchus b)'- compression. 
Cornage, together with bloody sputum, is very significant. 

LABORATORY FINDINGS 

Examination of the blood furnishes nothing characteristic. The 
sputum is frequently tenacious and may be blood streaked. A san- 
gninous sputum is fairly common during some stage of the disease. 
Occasionally, the so-called “current jelly” sputum mky be obtained. 
Some patients have recurrent periods of expectoration of large quan- 
tities of mucopurulent or purulent material. This is generally due to 
bronchiectasis which develops as a result of stenosis of some part of 
the bronchial tree. A history of a thin mucosanguinous sputum extend- 
ing over a period of weeks or months without much fever, chills 
or night sweats is very suggestible of a bronchial ulceration from a 
neoplastic growth. Of course, chronic passive congestion of the lungs 
must be borne in mind. Some authors have described large clear 
fatty cells in the sputum but these are not at all constant. According 
to Fishberg, a pleural exudate is present in 50 per cent, of the cases. 
This exudate is yellowish at first but later may become sanguinous or 
purulent. However, the fluid is not characteristic. The large cells 
containing vacuoles sometimes present in the fluid, which are considered 
of some importance by a few observers, are probably nothing more 
than degenerating desquamated endothelial cells. 

DIAGNOSIS 

Some cases of uncomplicated cancer should offer no difficulty m 
diagnosis. When there is a history of gradual insidious onset, per- 

Hop. de la Petie, Gaz. d. hop. 45:177, 1867, cited by Cottin: 
Ann. de med. 8:435, 1920. 
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sistent thin mucosanguinous expectoration, slight or no increase in 
temperature, thoracic pain, evidence of pulmonary induration on 
physical examination associated perhaps with “cornage,” a definite 
asymmetry of the chest together with subclavian or axillary adenop- 
athy and, in addition, perhaps some roentgen-ray findings — such a 
group of symptoms and findings obviously enough point to a definite 
diagnosis, but, unfortunately, only a few of the cases present so class- 
ical a picture. Since no symptoms or physical findings per se are 
entirely pathognomonic (that which may be decisive in one case may 
be negligible in another), it is very important that a detailed history 
be taken and a complete and thorough physical examination be made. 
All facts obtainable in the case should be carefully collected and 
correlated. The sputum should be examined both for the absence of 
tubercle bacilli and for positive cytologic findings. Whenever indi- 
cated, paracentesis should be performed and the exudate studied. If 
enlarged lymph nodes are present, especially when these nodes appear 
in unusual locations on the chest wall, biopsies should be resorted to. 
Cottin and his co-workers found adenopathy in about 66 per cent, of 
their cases. Most of the recent observers state that the clinical diag- 
nosis is made principally on the history, course, symptoms and physical 
signs; the laboratory procedures, such as roentgen-ray, sputum and 
chest fluid examinations, though useful and necessary, are more for 
confirmation than for actual diagnosis.^* Fishberg and Steinbach state 
that they failed, only once during the past five years, to make a correct 
diagnosis in their series of thirty-three cases, while only four cases 
of this same series were diagnosed correctly before admission. The 
preliminary diagnoses in this series indicate some of the conditions 
that are to be considered in differential diagnosis. They are tuber- 
culosis (13 cases), pleurisy with effusion or empyema (7 cases), 
chronic pneumonia (2 cases), neurologic (1 case), lung abscess (2 
cases), cardiac disease (2 cases) and carcinoma of the lung (4 cases). 
To this list may be added mediastinal tumor (mediastinal [Hodgkin’s] 
sarcoma), aortic aneurysm and mediastinal and encysted abscesses. 
Fishberg points out that there are two symptoms in carcinoma which 
are rarely seen in early tuberculosis: (1) pain in the chest, and (2) 
dyspnea. Fie says ; 

“Nearly all patients with malignant growths in the chest cough 
and expectorate sputum. It is important to think of a pulmonary 
neoplasm when a patient in the cancer age, showing no symptoms of 
cardiac, renal or arterial disease, begins to cough and is short-winded. 
In patients who have passed middle age, pain in the chest, with or 
without a pleural effusion, is suggestive. Patients with enlarged tuber- 

41. Fishberg, M., and Steinbach, M. : Footnote 4; Von Wiczskowski : 
Footnote 12. 
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culous glands in the neck hardly ever have signs of active disease in 
the lungs, while Avhen the glands are malignant we find signs of 
extensive changes in the lungs.” 

I would recommend the reader to refer to Fishberg’s original article 
for a concise detailed study of the diagnosis of intrathoracic neoplasms. 

Another author emphasizes the possibility of properly diagnosing 
lung tumors clinically by making very exact physical examinations. 
Sehrt states that during twelve years of practice he diagnosed 
correctly during life nine cases out of a total of ten cases which he 
encountered. 

Many authors have found the roentgenogram either of negative 
value or at times even misleading. This is contrary to the statement of 
McMahon and Carman that in most instances the roentgenologic 
findings in primary carcinoma are pathognomonic of the disease and 
may be the first to suggest the exact nature of the pulmonary lesion. 
I have observed in our series of cases, as well as in the reports from 
the literature, that this is not the usual experience. It is readily seen 
that the concomitant inflammatory reactions and bronchiectases may 
give conflicting shadows, a condition well illustrated in Case 10 of our 
series. Two other means of diagnosis are mentioned here, simply 
because they are sometimes invoked for aid. These are bronchoscopy 
and pulmonary biopsy. Both are so difficult to perform that their 
use is not to be encouraged at the present time. When, however, the 
tumor infiltrates and finally perforates the chest wall so as to present 
subcutaneous nodules, then a biopsy is indicated. 


COMPLICATIONS 

Bronchiectasis is a very common and important complication. Pul- 
monary hemorrhages may occur from erosions; but these are usually 
small. Very rarely, there are erosions of the large branches of the 
pulmonary artery or vein with resultant fatal hemorrhages. Stillman ** 
reports a case which presented a marked swelling of the neck. Necropsy 
showed that this was due to thrombosis of the inferior vena cava 
resulting from a tumor mass around the right bronchus. 


PROGNOSIS 

The prognosis at the present time is hopeless. The course varies 
from several weeks to four or five years, the majority of cases running 
a course of about one or one and a half years. 


42. Sehrt, cited bi" Wiczskowski: Wien. klin. Wchnschr. 26:1067, 1913. 

43. McMahon and Carman: The Roentgenologic Diagnosis o nma 

Carcinoma of the Lung, Am. J. M. Sc. 155:34 (Jan ) 1918. ^ c„oerior 

44 Stillman : Carcinoma of the Bronchus with Thrombosis of the Siiperi 
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TREATMENT 

The clifhcuUies of treatment in this disease are enhanced by the 
location, the lesion being enclosed in a bony cage, the chest cavity. 
Surgical interference is not readily applied to this location. Besides, 
most of the tumors are located at the hilum of the lung, a location 
in close proximity to the cardiac space and also directly in the region 
of the pulmonary vessels. In a few cases, excision of the affected 
tissue has been attempted ; but the results are disappointing. Roentgen- 
ray and radium therapy have thus far also proved of little or no 
value. The treatment, therefore, resolves itself entirely into the treat- 
ment of symptoms. 

CARCINOMA IN ANIMALS 

Primary carcinoma of the lungs in animals is not infrequent. Slye 
reports the occurrence of cancer of the lung in about 1 per cent, in 
a series of 6,000 mice. Tyzzer also reported large spontaneous lung 
tumors in mice. Seigert reported a case of a large primary cylindric- 
cell carcinoma in the lower lobe of the lung of a dog. Histologically, 
he could trace the origin and gradual transition of the tumor from the 
superficial epithelium of the bronchus. 

The thirteen cases in our series are taken from the records of the 
Department of Pathology, University of Minnesota, covering a period 
of about twenty-one years.. Only concise abstracts of the histories 
and necropsy protocols will be given. The first case of the series 
occurred in 1912. Cases 7 and 10 were under my personal observa- 
tion at the University Hospital and will be given in somewhat greater 
detail. 

REPORT OF CASES 

Cask 1 (Necropsy 12-114"). — Mrs. I. T., aged 52, became sick in March, 
1912. In July, she developed a severe cough with profuse expectoration. She 
lost considerable weight; a right-sided effusion developed, and she died Aug. 31, 
1921. No clinical diagnosis was stated in the records. 

The necropsj' was performed by Dr. H. E. Robertson. The body was poorly 
nourished. The right pleural cavity contained about 2 liters of brownish-red 
fluid. The middle and lower lobes of the right lung were atelectatic and solid. 
The upper lobe was normal. There was a large tumor mass surrounding the 
bronchi near the hilum. This had a soft necrotic reddish-brown center about 
2.5 by 4 cm. in extent, with a grayish periphery of infiltrating tumor about 1.5 
cm. in thickness (Fig. 1). Small tumor nodules were scattered through the 


45. Slye, Holmes and Wells : Tumors of the Lungs in Mice, J. M. Research 
25:417, 1914. 

46. Tyzzer : A Series of Spontaneous Tumors in Mice, Fifth Report, Cancer 
Commission Harvard University, 1909, p. 153. 

47. Seigert; Zur Histogenesis der primaren Lungenkrebs, Virchows Arch, 
f. path. Anat. 134:287, 1893. 

48. The first two figures of the necrops 3 ' number represent the year in which 
the necropsy was performed. 
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Fig. 1. — Right lung from Case 1, showing the centrally located, large 
tumorous mass with the necrotic center and cavity formation. Its spread is 
peripherally, from around the secondary bronchi. 

Photomicrographs were made b}' Mr. Henry W. Morris, medical pho- 
tographer, Department of Pathologj', University of Minnesota. 
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parenchyma. There was a tumor nodule in the left lung near the hilum. The 
peribronchial lymph nodes were enlarged and infiltrated. Microscopically, sec- 
tions of the lung showed tumorous areas of glandlike structures lined with 
irregular columnar epithelial cells. The diagnosis was adenocarcinoma of the 
right lung with inetastases into the lung parenchyma and peribronchial lymph 
nodes. 

C.\SE 2 (Necropsy 13-63). — ^J. F. O’N., man, aged SO, in November, 1912, 
developed a troublesome cough. Later he suffered severe pain, like neuritis, 
in the right sacroiliac joint. He was sent to a hospital for an operation but 
none was performed. The cough was persistent and occasionally the sputum was 
blood-streaked. He died suddenly, April 19, 1913. 

Necropsy was performed by Dr. H. E. Robertson. The body was well 
nourished. There was a palpable mass above the clavicle. The left pleural 
cavity contained about 200 c.c. of fluid. There were numerous grayish-white 



Fig.' 2. — Section from tumor of lung from Case 2, showing the closely 
packed epithelial cells and the narrow strands of connective tissue stroma, 
probably remnants of the alveolar walls. There is no keratinization but inter- 
cellular bridges are visible. This is a good example of a nonkeratinizing 
squamous-cell carcinoma. 

nodules, 2 to 10 mm. in diameter, in the posterior portion of the left lung. 
Near the base, there was a necrotic, hemorrhagic tumor mass the size of a 
hen’s egg. On section, a mucoid substance came from the cut surface. The 
tracheal, bronchial, periaortic and inguinal lymph nodes were markedly enlarged. 
The right pelvic floor was infiltrated. Microscopically, the lung alveoli were 
partially filled with pleomorphic cells. The nuclei were vesicular. The cyto- 
plasm was deeply staining and contained numerous vacuoles. The alveolar 
walls were well retained. Numerous mitotic figures were present. Some areas 
on section showed marked fibrosis ; and there was an infiltration of round cells 
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and small clumps and cords of tumor cells. In some of the clumps of tumor 
cells, intercellular bridges might be seen; but there was no cornification or 
epithelial pearl formation (Fig. 2). The diagnosis was nonkeratinizing squamous- 
cell carcinoma of the left lung, with metastases into the lymph nodes and 
pelvic floor. 

Case 3 (Necropsy 14-133).— H. K., man, aged 52, first felt ill in March, 
1914. He developed pain in the stomach, anorexia and vomiting after each 
meal. He gradually lost in weight and strength. He was admitted to a 
hospital, May 5, 1914, where he died, July 12, 1914, no clinical diagnosis having 
been made. 

Necropsy, performed by the author, revealed a poorly nourished body. The 
left pleural cavity was completely obliterated by strong adhesions. There 
were a few adhesions at the right apex. There were small grayish nodules at 
the right apex and around the bronchi of the middle and lower lobes. There 
was a large tumorous mass near the hilum which infiltrated the parenchyma 
around the bronchi. There was an increased amount of cerebrospinal fluid in 
the subarachnoid space and in the ventricles. A tumor mass, 3 cm, in diameter, 
involved the basal nuclei in the floor of the right ventricle. There was another 
tumorous mass, 1 cm. in diameter, in the right lobe of the cerebellum. Micro- 
scopic examination of the lung revealed alveolar spaces lined with single or 
multiple irregular layers of columnar cells. The alveolar walls were thickened. 
Another section showed marked fibrosis, anthracosis and chronic tuberculosis 
with tubercle formation, containing giant cells. The diagnosis was adeno- 
carcinoma of the right lung with metastases to the brain. 

Case 4 (Necropsy 17-214). — W. R., man, aged 55, admitted to the University 
Hospital, June 8, 1917, complaining of pain in the right axilla, shoulder and 
chest, had always been well until Oct. 2, 1916, when he first noticed pain in 
the left shoulder, anorexia and beginning weakness. From this he recovered 
slowly and went back to work. In February, 1917, he noticed a swelling of the 
face which was present only in the daytime at first, but later became persistent. 
He developed a severe cough and marked dyspnea. He had considerable 
expectoration. He had to quit his work. May S, 1917, because of the severity 
of the symptoms. 

Physical examination revealed hyperresonance and impaired voice trans- 
mission over the scapular region on the right side. Some areas showed absence 
of breath sounds. The superficial veins over the trunk and head stood out 
prominently. There was edema of the face and hands. The pain gradually 
extended upward over the thorax. Oct. 3, 1917, general anasarca developed. 
The fingers became clubbed and the finger nails became shaped like watch- 
crystals. He developed marked dyspnea and Cheyne-Stokes’ respiration. He 
died, Oct. 18, 1917. 

The laboratory' examinations of the sputum and blood and the phenol- 
sulphonephthalein test and Wassermann reaction were negative. 

Necropsy, performed by the author, revealed a poorly' nourished body. There 
was edema of the face, neck, left forearm and hand. Both pleural cavities uere 
obliterated by strong adhesions. The lower portion of the right upper lobe was 
hard and nodular and adhered strongly to the chest wall by means of infiltrated 
tumor masses. The lower two thirds of the left upper lobe was also firm and 
nodular, presenting a tumor mass around the bronchus, 8 by 3 cm. T ie ou er 
portion of this mass was necrotic and showed intense anthracosis. e co o 
was bluish black. A tumor mass, 3.5 cm. in diameter, was present m t e n 
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lower lobe. This infiltrated the pleura and the diaphragm. The superior vena 
cava, together with the lower portion of the subclavian and jugular veins, was 
plugged with tumor masses mixed with thrombus. The anterolateral portions 
of the first, second, third and fourth ribs on the right side were destroyed by 
infiltrating tumor masses. 

Microscopic sections of the lung showed marked fibrosis with hyalinized 
connective tissue through which were scattered nests and cords of closely 
packed pleomorphic epithelial cells. Irregular areas of necrosis were scattered 
throughout. The diagnosis was carcinoma simplex of the left lung with 
metastases into the lung, peribronchial hnnph nodes, pleura, ribs and superior 
vena cava. 

This case closely resembles the one reported 1)3' Stillman.''* 

Case 5 (Necropsy 19-35). — J. P., woman, aged 58, was admitted fo the 
Universit}’ Hospital, Dec. 22, 1918, complaining of weakness, shortness of breath, 
excessive perspiration and severe attacks of coughing. She was sent in with the 
diagnosis of lumbago, bronchitis and possible bronchopneumonia. Her illness 
began in June, 1918, with weakness and a sense of continuous exhaustion. About 
that time she fell from a ladder and struck her chest with a plank. Later she 
caught cold and developed a cough. She was confined to her bed because of 
weakness. Examination demonstrated a shallow jerky type of breathing with 
diminished resonance and vocal fremitus over the left apex. The breath 
sounds were of a high pitched bronchovesictilar type over this area. The 
sputum showed no tubercle bacilli and no red blood cells. The blood examina- 
tion, blood chemistry and blood pressure were practically normal. The 
roentgenogram showed a dense shadow at the left base with infiltration of both 
apexes which was thought to be an old tuberculous process. The temperature 
rarely rose above 99.6 F. The pulse ranged between 100 and 130. Respirations 
ranged from 20 to 32, The patient was discharged, Jan. 26, 1919, with a 
diagnosis of carcinoma of the lung. 

She was admitted to another hospital, Feb. 17, 1919, complaining of dyspnea, 
cough, blood-streaked sputum, soreness of the chest, hoarseness, occasional 
attacks of vomiting, marked weakness and progressive loss of weight. A 
diagnosis of pulmonary tuberculosis was made. Physical examination at this 
time showed marked emaciation with retraction, asymmetry and relative dulness 
of the left chest. Sputum was negative for tubercle bacilli on five occasions. 
Several days before her death, March 10, 1919, she developed fluid in the 
left chest. 

Necropsy, performed by Dr. E. T. Bell, revealed a poorly nourished body. 
There was edema of the feet. Each pleural cavity contained about 2,000 c.c. of 
clear fluid with fibrinous flakes. There were a few adhesions at both apexes. 
The left lower lobe was hard and nodular. The cut surface showed closely 
approximated irregular whitish tumor masses. There were small tumor nodules 
in the right lower lobe, in the liver, suprarenals and kidneys. 

Microscopic sections of the tumor showed irregular glandlike structures 
lined by very sharply defined large cuboidal and columnar epithelial cells. 
Numerous desquamated epithelial cells with abundant mucoid material were 
present in most of the lumina (Fig. 3). The type of cells suggested glandular 
epithelium. A diagnosis was made of adenocarcinoma of left lung (probably 
originating from bronchial mucous glands) with metastases into lung, peri- 
bronchial and mediastinal lymph nodes, liver, suprarenals and kidneys. 

Case 6 (Necropsy 20-316). — H. O., male, aged 42, was admitted to the 
surgical service of the University Hospital in January, 1920, with a diagnosis 
of empyema or malignancy. The illness dated back to August, 1919, when the 



Fig. 3. Section of tumor from Case 5, showing the atypical glandlike 
structures containing a mucoid secretion and desquamated epithelial cells. 
The individual cells have, sharply defined cell walls and lightly staining cyto- 
plasm. This is an adenocarcinoma, probably originating from the mucous 
glands. • 



Fig. 4. — Section of tumor from Case 6, showing the closelj' packed spindle- 
shaped cells which strongl 3 '^ suggest sarcoma. It is only by careful study of 
sections from the different organs that the epithelial nature of this tumor 
can be identified. This tumor may be classed among the medullary carcinomas. 
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patient became sick stuldehl}^ with chills, severe cough, fever, pain in the left 
side of the chest, loss of appetite and weakness. He was in bed about a month. 
,Tiic cough was productive, slimy, and on one occasion the sputum was bloody. 
The diagnosis at the time was bronchopneumonia. Since then he had had 
occasional attacks of shooting pains over the left chest with shortness of 
breath and severe coughing spells. The patient thought he had been gradually 
improving. Physical examination at the hospital revealed a marked lagging of 
the left side of the chest with a friction rub, anteriorly and posteriorly. There 
was dulncss and hyperrcsonance over the left apex and left base. The breath 
sounds were markedly diminished at the apex . and ■ absent at the base. The 
chest was aspirated for fluid hut none was obtained. The blood showed a slight 
leukocytosis. The urine was negative. The roentgenogram showed a dense 
shadow in the left side of the chest with the heart displaced to the left. The 
diagnosis was marked thickening of the pleura, probably an unrecognized 
empyema. He was discharged from the hospital with this diagnosis 

He was admitted to the Minneapolis General Hospital, Aug. 8, 1920. He 
then complained of hoarseness and bloody sputum of about a month’s duration. 
For several months, he had felt that food stuck in his throat. He lost 35 
pounds (15.9 kg.) in weight. The roentgenogram at that time showed an 
opacity of the mediastinum extending through most of the left upper lobe of 
the lung. The diagnosis was mediastinal sarcoma. He died, Aug. 13, 1920. 

Necropsy, performed by Dr. T. H. Sweetser, revealed edema of the feet and 
ankles. The left lung was very firmly adherent to the chest wall. The peri- 
cardium contained a seropurulent exudate. The mediastinum was involved in 
a tumor mass made up of large white lymph nodes which were matted together. 
A tumor mass infiltrated the parenchyma around the upper and main branches 
of the left bronchus. The bronchus was ulcerated in this region. Small masses 
were scattered through the parenchyma. Numerous large bronchiectatic cavities 
were scattered throughout the lung. The spleen was enlarged and on section 
showed a tumor mass, 8.5 by 6.5 cm. There was a tumor, 3 by 4 cm., in the tail 
of the pancreas. 

Microscopically, sections of the spleen showed masses of closely packed, 
irregular, spindle-shaped tumor cells, containing very little cytoplasm. Many 
mitotic figures were present. This section suggested sarcoma very strongly 
(Fig. 4). The peripheral sinuses of a lymph node contained tumor cells, singly 
and in clumps, having vesicular nuclei and abundant cytoplasm. These cells 
were fairly characteristic epithelial cells. Section through the bronchus showed 
the epithelial type of tumor cells infiltrating the stroma. The diagnosis was 
medullary carcinoma of the left lung with metastases into the mediastinal lymph 
nodes, pleura, spleen and pancreas. This type of tumor offered great difficulties 
in differentiating carcinoma from sarcoma. Some observers might include this 
case under the sarcomas ; but careful study of sections from the different 
organs convinces me that it is an epithelial type of tumor. 

Case 7 (Necropsy 20-363). — L, H., man, aged 46, was admitted to the 
University Hospital on the neurologic service. Sept. 16, 1920. He was sent in 
with a diagnosis of left-sided hemiplegia and left-sided pleurisy. The past 
history was unimportant. He had always been a strong, healthy, hard working 
farmer. In the fall of 1919, he developed a slight cough and later noticed 
that the sputum was blood tinged on a number of occasions. His physician told 
him that the blood probably came from the tonsils. In February, 1920, he 
developed severe pain in the right thigh and leg, which was treated as sciatica. 



Fig. 5, — Trachea and lung from Case 7, showing the complete occlusion of 
the left bronchus by the tumor mass, both in the bronchus itself below the 
tracheal bifurcation and in the cross-section of the lung at the hilum, trans- 
versely to the bronchus. The pulmonary artery and vein are seen adjacent to 
the tumor mass which contains the occluded main bronchus. The lung 
parenchyma is completely collapsed. 



pig_ 6. — Cross-section of a nerve bundle from Case 7, showing in\as' 
of the tumor cells. Compare with Figure 13. 
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June 2, he suddenly developed a peculiar attack during which everything seemed 
to turn black before his eyes. He stiffened out, but did not lose consciousness. 
The ne.xt day he went back to work as usual, feeling entirely well. About 
six Aveeks later, he first noticed a weakness in his left arm. This increased 
progressively. Later he noticed a weakness also in his left leg. During the 
first week of September, he was in bed because of a fever, ranging between 
101 and 103 F. From then on he began losing in weight and in strength quite 
rapidly. He lost 30 pounds (13.5 kg.) in about two months. 

Physical examination demonstrated asymmetry of the left cheSt which was 
depressed and revealed practically no movement in respiration. It was flat 
on percussion and the dulness fused with that of the cardiac dulness. The 
breath sounds were absent. The right cardiac border was displaced to the 
left to about the midsternal line. There was a flaccid paralysis of the left arm 
and paresis of the left leg. There was definite atrophy of the muscles of the 
left chest, shoulder, forearm and hand with a marked loss of tone. 

The patient showed marked mental depression, crying a great deal. Examina- 
tion of the eye grounds revealed a papillo-edema of the third degree but he 
complained of no headache. Temperature, pulse and respiration were normal. 
September 22, paracentesis of the left chest was performed; 500 c.c. of clear 
3 'ellowish fluid was obtained. The fluid contained 430 cells, nearly all lympho- 
cytes, per cubic millimeter. No tubercle bacilli were found. September 27, 
250 c.c. of similar fluid was obtained. The blood showed a leukocytosis ranging 
from 12,000 to 15,000. 

A roentgenogram report stated that there was a massive shadow which 
involved the entire left chest; The heart was displaced to the left. The diag- 
nosis was either a thickened pleura or old empyema or a primary new growth 
of the pleura. 

The patient became gradually weaker and died, Oct. 1, 1920. Because of the 
history of bloody sputum and the marked asymmetry of the chest, together with 
the signs of obstruction of the bronchus and the development of hemiplegia 
associated Avith signs of intracranial pressure, a clinical diagnosis of primary 
tumor of the lung Avith metastasis to the brain Avas made. 

Necropsy, performed by the author, revealed a markedly emaciated body. 
There Avas fulness of the neck above the clavicle. The left pleural cavity 
appeared to be filled by the pericardial sac, Avhich Avas enormously distended. 
The left lung Avas entirely collapsed and retracted, being about the size of an 
orange. About 800 c.c. of amber fluid Avas present in this cavity. The 
pericardial sac contained about 1,500 c.c. of thin dark colored bloody fluid. The 
pericardium shoAved no evidences of ruptured blood vessels to explain the 
blood. The pericardial reflections at the bases of the large vessels were greatly 
thickened and injected. The posterior third of the right lung shoAved edema and 
congestion. The left lung Avas small and hard. It measured 15 by 12 by 6.5 cm. 
and Aveighed 400 gm. It did not crepitate and it sank in Avater. Numerous small 
nodules Avere scattered over the pleura and over the adjacent pericardium. On 
section of the lung, the loAver lobe looked like a triangular fibrous mass. 
Numerous yellowish nodules were scattered over the cut surface, particularly 
along the course of the main bronchus. The upper lobe appeared less fibrous 
and was dark red. Small tumor nodules Avere also scattered through this lobe. 
Examination at the hilum revealed an apparent absence of the bronchus. Careful 
examination of the left bronchus shoAved that it Avas completely occluded by a 
tumor from a point 2.5 cm. below the tracheal bifurcation (Fig. 5). The right 




Fig. 8. — Section of lung from Case 9, showing the closely approximated 
glandlike spaces lined bj’ lightly staining high columnar cells, possessing very 
sharp cell outlines. The clear spaces within the cells contain a mucoid secre- 
tion and some of these look like goblet cells. This is an adenocarcinoma, 
arising probably from the mucous glands. 
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suprarenal was large and infiltrated by tumor. In the brain, a tumor mass, 
7.5 by 6.5 by 2.5 cm. was found involving the right frontoparietal region. It 
appeared to involve the dura mater primarily with extension into the cerebral 
cortex. 

Microscopically, the lung showed atypical glandlike structures lined by high 
columnar cells. The cartilage of the bronchus was invaded by tumor masses. 
There was marked invasion of the nerve bundles with tumor cells (Fig. 6). 
The mucosa of the lumen was greatly thickened by papillary projections of 
infiltrated tumor cells. The heart showed the epicardium infiltrated with small 
nests of tumor cells and lymphocytes; numerous hemorrhages were scattered 
throughout the epicardium (this explained the extensive hemopericardium). The 
adventitia of the pulmonary artery was infiltrated with adenomatous structures 
and solid masses of tumor cells containing calcified corpora amylacea. These 
corpora appeared to arise from clumps of necrotic tumor cells. In the brain, 
the invading tumor mass showed atypical gland like structures ; many cells conr 
tained clear spaces filled with mucoid material. The diagnosis was adeno- 
carcinoma of the left bronchus with metastases to the lungs, pericardium, supra- 
renal and brain. 

C.‘\SE 8 (Necropsy 20-396). — G. E., man, aged 72, was admitted to a hospital, 
Oct. 17, 1920, complaimng of anorexia, vertigo, headache, dimness of vision 
and some deafness. ^Tiiese symptoms began about Aug. 1, 1920. Up to that 
time he had been/entirely well. Since then he had been losing in weight. 
Physical examination showed the left pupil to be irregular; and there was a 
slow nystagmus. There was decreased tactile fremitus and breath sounds over 
the left lung, posteriorly. There was a firm mass, 8 by 4 cm., in the abdomen 
just to the left of the umbilicus. The blood showed 13,800 leukocytes with a 
normal differential count. A clinical diagnosis of pulmonary tuberculosis with 
abdominal tumor was made. Death occurred, Oct. 30, 1920. 

Necropsy, performed by Dr. E. T. Bell, revealed a poorly nourished body. 
There was edema of the dependent parts. There were numerous strong 
adhesions at the right apex. Scattered through both lungs were tumor nodules, 
from 5 to 10 mm. in diameter. There was a large tumor, 5 cm. in diameter, 
in the middle of the posterior border of the right lung. The cut surface of 
this was grayish white in color and firm. The bronchi and bronchioles were 
apparently uninvolved. The liver showed a number of tumor nodules. There 
was a small nodule in the thyroid. 

Microscopically, lung sections showed pleomorphic, cuboidal and columnar 
cells, lining glandlike spaces (Fig. 7). Many lymphatics were plugged with 
clumps of tumor cells. Sections of the thyroid and liver showed areas of atypical 
glandlike structures. The diagnosis was adenocarcinoma of the right lung, with 
metastases into lungs, liver and thyroid. 

Case 9 (Necropsy 21-8). — J. E., woman, aged 61, was admitted to a hospital, 
Dec. 1, 1920, complaining of sharp, stabbing pain in the chest, emphasized by 
inspiration. She had been operated on for goiter, November 11, and ten days 
later had noticed pain in the left side of the chest which was not relieved by 
strapping. She developed some dyspnea. 

Physical examination revealed asymmetry of the chest, with lagging, impaired 
resonance and a bronchovesicular type of breathing over the left side of the 
chest. There were tenderness and rigidity of the left upper abdomen. The 
laboratory examinations were negative except that the urine showed a trace 



650 


ARCHIVES OF SURGERY 


of albumin and a few waxy and hyaline casts with leukocytes and red blood 
cells. The roentgenogram showed a definite shadow involving the left hiliim. 
The patient died Jan. 3, 1921. No clinical diagnosis was stated in the record. 

Necropsy, performed by Drs. J. S. McCartney and E. T. Bell, revealed a 
poorly nourished body. Both lungs contained numerous miliary nodules. There 
was a large firm tumor mass involving the left upper lobe, which was con- 
tinuous with a smaller mass which involved and almost obstructed the upper 
left bronchus. The lymph nodes along the left sternocleidomastoid muscle were 
enlarged. There was a small tumor nodule in the thyroid. The pleura over 
the seventh, eighth and ninth ribs on the left and the eighth and ninth ribs 
on the right was elevated, thickened and boggy, being invaded by tumor tissue 
which had also involved and destroyed the contiguous ribs. 

Microscopically, the lung showed irregular glandlike structures lined by 
irregular layers of high columnar cells (Fig. 8). The cell outlines were very 
sharp and distinct. Many of the cells contained vacuoles filled with mucoid 
secretion. Some suggested goblet cells. The tumor tissue resembled very 
closely secreting grandular tissue. Sections of the tumor masses in the thyroid, 
lymph nodes, pleura and striated muscles showed solid clumps and cords of 
epithelial cells separated by masses of connective tissue. There were no 
adenomatous structures. These areas resembled more a nonkeratinizing 
squamous-cell carcinoma. The diagnosis was atypical adenocarcinoma, probably 
arising from mucous glands, with metastases into the lungs, lymph nodes, 
thyroid, ribs and muscles. 

Case 10 (Necropsy 21-147). — S. M., man, aged 48, was admitted to the 
University Hospital, Jan. 5, 1921, complaining of a severe cough, especially on 
lying down, dyspnea, weakness and pain in the right chest. He had lost 50 
pounds (22.7 kg.) in weight during the past two years, his average weight 
having been 165 pounds (75 kg.) while now it was 115 pounds (52.2 kg.). 
He was sent in with a diagnosis of aneurysm (?), bronchiectasis ( ?), asthma (?). 
His past history was unimportant up to two years previously, when he began 
tiring easily and losing in weight. About the middle of the summer of 1920, 
he developed daily nosebleeds and a cough which soon became associated with 
severe pain in the right upper chest. About October 1, the nosebleeds stopped 
and he began to spit up small quantities of blood. Since that time he had 
been coughing and spitting blood - daily. About November 25, he had to quit 
his work. 

The patient was markedly emaciated. The upper right chest lagged and there 
was increased fremitus with relative dulness over the right apex, both anteriorly 
and posteriorly^ The breath sounds were tubular and bronchovesicular in type 
over this area and also in the right axilla. The inspiratory tone was rough and 
grating, followed by a very prolonged expiratory note — cornage. The tone was 
much like that due to a partial compression of the trachea. During the first 
few weeks in the hospital, the patient spat up thin tenacious, bloody sputum. 
Later this became purulent in character. Because of the history of bloodj 
sputum, the pain in the chest, the dulness and tubular breathing (cornage), the 
absence of crepitant rales and the usual absence of temperature, a tentative diag- 


nosis of primary carcinoma of the lung was made. 

The roentgenologic studies, January 11, revealed a nonpulsatmg 
mediastinum extending into the right upper chest. The diagnosis was 
tumor or aneurysm, probably the former. February 17, the 


mass in the 
mediastinal 
stereoscopic 
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roentgenograms showed an old pleuris)’- at the right base, with the remains of 
an interlobar pleurisy of the upper and middle lobes on the right side. The 
diagnosis was fibroid tuberculosis of the right upper lung. The mass previously 
described was gone and probably represented an atypical pneumonia or some 
acute glandular involvement which had subsided. March 14, the roentgen- 
ologic diagnosis was bilateral pulmonary tuberculosis, more marked on the right 
side. 

Tlie ph 3 ’sical signs, February IS, showed a marked improvement, but the 
cornage remained. March 10, the physical signs reappeared over the upper 



Fig. 9. — Right lung from Case 10, showing irregular carcinomatous masses 
in the hilum surrounding the bronchus. The peripheral portion of the lung 
is riddled with bronchiectatic cavities containing precipitated thick pus. 

right lobe. The cough became more severe and the sputum more abundant. 
March 20, the patient developed a severe chill, and within a few hours the 
temperature rose from normal to 103 F., with a pulse of 130 and respirations, 38. 
He complained of great pain and discomfort in the chest. Examination at this 
time revealed a marked lagging of the right chest with evidences of consolida- 
tion and persistence of the tubular breathing. 
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Examination of about twenty specimens of sputum disclosed absence of 
tubercle bacilli. The urine was negative. The blood was generally negative 
but on one or two occasions showed a leukocytosis of from 24,000 to 28,000, 
of which 50 per cent, were polymorphonuclears. The hemoglobin dropped 
somewhat during the stay in the hospital. The blood Wassermann reaction 
was negative. Blood chemistry was negative. 

His weight dropped to 100 pounds (45.4 kg.) on February 2, a loss of 
about 15 pounds (6.8 kg.) from the time of admission. This rose again to 
115 pounds (52.3 kg.) on March 6, at the time when there was an apparent 
general improvement in his condition. He died, March 25, 1921. 

Necropsy, performed by Dr. H. S. Diehl, revealed a poorly nourished body. 
The right pleural cavity was obliterated by firm fibrous adhesions. There .was 
a small quantity of thin purulent exudate between the adhesions. The pericardial 
cavity contained 100 c.c. of thick purulent exudate. The left lung was normal. 



Fig. 10. — Section of suprarenal from Case 10, showing clearly the nests 
of epithelial cells of different sizes containing concentric cornified epithelial 
centers. The epithelial pearls in this case are unusually typical. All the 
metastases as well as the primary lesion are true to the type of squamous-cell 
carcinoma. 

The right lung was solid except in the inferior part of the lower lobe. Section 
through the upper and middle lobes showed numerous bronchiectatic cavities, 
from 5 mm. to 1.5 cm. in diameter (Fig. 9). These cavities were filled with 
thick pus. There was a tumor mass in the right bronchus, bulging into an 
markedly obstructing the lumen. Section of this mass showed it to be o a 
grayish white color and firm. It extended along the bronchus and for ^ 
distance into the surrounding parenchyma of the upper lobe. The 
nodes at the hiliim of the lung were markedly enlarged, filled with v i 's 
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masses. There were several small tumor nodules in the liver. Both supra- 
renals were somewhat enlarged and firm and infiltrated with tumor masses. 
There were tumor nodules throughout both kidneys. Small tumor nodules 
were scattered throughout the thyroid. 

Microscopically, the lung showed fibrosis with areas of necrosis. Scattered 
throughout the section were masses of tumor cells composed of squamous 
epithelium showing cornification with the formation of epithelial pearls. Some 
of the veins appeared to be thrombosed and organized and through them were 
scattered cords of tumor cells. Section of the suprarenal showed an infiltra- 
tion of masses of squamous epithelium containing epithelial pearls identical 
with those found in squamous-cell carcinoma of the skin (Fig. 10). Sections 
of the liver and thyroid also showed masses of squamous epithelium with 
epithelial pearls. The diagnosis was squamous-cell carcinoma of the lung 
arising from the right bronchus with metastascs into the peribronchial and 
mediastinal lymph nodes, liver, suprarenals, kidneys and thyroid. 

Case 11 (Necropsy 21-191). — A. F. H., man, aged 63, in February, 1921, 
developed malaise and a severe cough. Physical examination was negative. 
Fluoroscopic examination of the chest demonstrated a mass to the right of the 
heart which on subsequent examinations showed increase in size, filling up the 
upper right chest cavity. The cough and dyspnea became progressively worse. 
He developed a constant severe pain in the right arm, associated with edema. 
The left pupil was dilated; the right contracted. They did not respond to 
light or accommodation. The neck became large and the veins appeared large 
and tortuous. The Wassermann reaction was negative. The sputum was 
negative. The blood was normal. He developed a rise of temperature and 
died April 30, 1921. 

Necropsy, performed by Dr. J. S. McCartney, revealed a well-nourished 
bod}'. There was marked edema of the right forearm and hand. The right 
pleural cavity contained 300 c.c. of fluid. The upper right lobe was adherent 
to the chest wall by dense fibrous adhesions. The entire upper lobe was 
hard, nodular and grayish white on section. The tumor mass surrounded 
the bronchus. The mucosa from a point 3 cm. above the bifurcation down- 
ward to 5 mm. into the left bronchus and 3 cm. into the right bronchus appeared 
raised and roughened but apparently not ulcerated. The tumor infiltrated 
peripherally. The tumor mass extended around the vessels of the neck and the 
superior vena cava and filled up the space beneath the arch of the aorta. 
There was also invasion of the pericardiums and a nodule 1 cm. in diameter 
projected into the pericardial cavity. Tumor nodules were present in the base 
of the right lobe. The liver and kidneys contained small tumor masses. 

Microscopically, the wall of the trachea was densely infiltrated with 
pleomorphic tumor cells; the cartilage was not invaded. Lung sections showed 
irregular masses of tumor cells surrounded by connective tissue stroma. The 
cells were large, pleomorphic with deeply staining nuclei, and were closely packed 
together (compare Fig. 4, Case 6). The tumor cells in the kidney appeared 
the same as in the lung. The diagnosis was medullary carcinoma of the 
right lung, with metastases into the lower lobe, liver, kidneys and pericardium 
with extension into the posterior mediastinum. 

Case 12 (Necropsy 21-216).— J. R. McK., man, aged 60, began ailing in 
the winter of 1920 but had no definite symptoms. In August, 1920, he developed 
a cold and in one of the coughing spells he suddenly experienced a sharp pain 
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in the left side of the chest, posteriorh^ This was relieved by morphin. The 
pain recurred in about a month and from then on persisted in- spite of opiates 
Later, this pain radiated down into the left arm and at times also into the 
right arm and upward into the neck. He developed cyanosis of the arms 
neck and head. For two months he noticed great difficulty in swallowing 
food and in speaking. He developed marked dyspnea. A diagnosis of 
mediastinal tumor, probably sarcoma, was made. He died,' May 14, 1921. 

Necropsy, performed by Drs. J. S. McCartney and H. B. Sweetser, revealed 
a fairly well nourished body. There was edema of both feet. The mesenteric 
lymph nodes were large and firm. There was a nodule in the peritoneum over 
the lower pole of the left kidney. There was a fusiform enlargement of the 
third and seventh ribs on the right side. The left pleural cavity contained 
500 c.c. of slightly turbid fluid. There were dense adhesions at the apex. The 
right cavity contained a similar amount of fluid. The left upper lobe was 
nodular. There was occlusion of the main bronchus by a tumor mass which 
infiltrated the surrounding parenchyma. Smaller masses were scattered 
throughout other parts of the lung. They were also present over the pleura 
and over the external surface of the root of the aorta. The lymph nodes at 
the bifurcation of the trachea were greatlj' enlarged. The tumor mass 
surrounded the root of the aorta and the main branches of the arch. The 
spleen, suprarenals and kidneys contained small tumor nodules. The lymph 
nodes in the left side of the neck were enlarged and on section showed tumor 
masses. 

Microscopically, sections of the different organs showed atypical gland- 
like structures lined by cylindric cells. Many of these contained quantities of 
mucoid material. The cellular outlines were very sharp and distinct. The 
diagnosis was adenocarcinoma of the left lung, probably originating from the 
mucous glands, with metastases into the cervical, peribronchial, mediastinal, 
mesenteric and retroperitoneal lymph nodes, ribs, kidneys, suprarenals, spleen 
and extension into the mediastinum. 

Case 13 (Necropsy 21-239). — C. M. W., man, aged 46, was well until the 
summer of 1918, when he first noticed a pain in the back while plajdng golf. 
This was diagnosed as rheumatism. Then, suddenlj', a deformity developed in 
the back. In February, 1920, he went to take mud-baths. He had pain in 
both legs and felt very weak. He then went to a chiropractor under whose 
treatment he became much worse. At Christmas time, 1920, he went to 
Rochester where a diagnosis of Pott’s disease was made. He was admitted 
to a tuberculosis sanatorium, March 21, 1921, after having had a variable 
experience with physicians and hospitals. Physical examination demonstrated 
large lymph nodes in the left inguinal region and a knuckle deformity in the 
region of the twelfth dorsal vertebra. He had large decubitus ulcers. E.xam 
ination of the chest revealed nothing abnormal. The diagnosis of Pott s disease 
was made. .A.pril 30, phj’sical examination revealed dulness in the right chest 
with breath sounds distant at this point. Paracentesis was performed but no 
fluid was obtained. He died, June 2, 1921. 

Necropsj% performed by Dr. J. S. McCartney, revealed a poorly nouns e 
body. There were large decubitus ulcers. There was a caseous nodule in t ic 
lower lobe of the left lung, 5 mm. in diameter. There was a definite thickening 
of the left primary bronchus with invasion of the adjacent portions o t e 
secondary bronchi. There was no definite ulceration. There uere large tumor 




Fig. 11. — Section of lymph node from Case 13, showing clearly the few 
small nests of epithelial cells scattered through the connective tissue stroma. 
This is an example of a scirrhous carcinoma. 



Fig. 12. — Section through wall of bronchus in region of primary nodule 
from Case 13 (same case as Fig. 11), showing the fairly normal mucous 
gland ducts and acini next to structures in which there is a breaking away of 
the epithelial cells into the surrounding stroma, which at the same time 
assume a deeper cytoplasmic stain. At the margins of the section, frank 
carcinomatous tissue can be seen. A study of sections from this case con- 
vinces me of the origin of this tumor from the mucous glands. 
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nodules in the right kidney and in the periaortic lymph nodes. There was an 
irregular tumor mass which invaded the second and third lumbar vertebrae. 
This extended throughout the bodies into the spinal canal, pressing on the cauda 
equina. There were tumor masses around the twelfth dorsal and first, second, 
third and fourth lumbar spinal roots. 

Microscopically, sections of the lymph nodes showed dense masses of 
fibrous connective tissue with very small groups and cords of epithelial tumor 
cells (Fig. 11). There were a few giant cells of the Langhans’ type. Section 
of the bronchus showed the epithelium intact in most areas. The mucous 
glands showed transitions from the normal appearance to a marked distor- 
tion with breaking through of the epithelial cells into the surrounding stroma 
(Fig. 12). The retroperitoneal tissue showed a marked infiltration of tumor 
cells with invasion of nerve bundles (Fig. 13). Sections of the spinal cord 
showed extensive degeneration, a transverse myelitis. There was a perivascular 
infiltration with peculiar large pleomorphic cells, possessing abundant bluish 



Fig. 13. — Section through a nerve bundle from the retroperitoneal tissue of 
Case 13. The extensive invasion of the carcinomatous tissue and the almost 
complete destruction of the nerve fibers may be noted. Compare with Figure 6. 

cytoplasm and deep staining nuclei. These cells were also diffusely scattered 
through the degenerated parts of the cord. The diagnosis was scirr lous 
carcinoma of the left lung, originating from the mucous glands of the bronchus, 
with metastases into the lumbar lymph nodes, vertebrae, dura mater an e 
kidney. 

COMMENT 

In a brief resume of this relatively small series of thirteen cases, 
it will be seen that the findings bear out in a striking manner the 
observations in the literature as to the characteristics and peaiharities 
of the disease.' As to age, the youngest of the series of patients was 
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42 and the oldest 72 , with an average of about 55 years. Ten were 
men and three were women. The right lung was primarily involved 
five times; the left, eight. This is not entirely in accord with the 
statistics, which give a predominance of righTsided involvement. The 
shortest duration of symptoms was six weeks and the longest three 
years, the average about seven months. A severe cough was present in 
nine cases and bloody sputum in five. Pain in the chest was a 
prominent symptom in six cases, while one patient (Case 3) com- 
plained of pain and distress in the stomach. There was a marked loss 
of weight in seven cases and there was more or less dyspnea in about 
50 per cent, of the series. A pleural efiEusion was present in six 
instances and a pericardial effusion in two. In none of these was the 
fluid at all characteristic except perhaps in Case 10 in which the peri- 
cardial fluid was sanguineus and very abundant. Tuberculosis was 
definitely associated with the disease in only one case and periods of 
fever in four , cases. On five occasions, the chest was grossly asym- 
metrical. Massive bronchiectasis occurred twice. Metastases were 
present in every case; and in two instances (Cases 7 and 13), the 
metastases produced the predominating symptoms. The organs involved 
together with the frequency of their involvement may be listed thus: 


Lungs 10 

Lymph nodes 9 

Peribronchial and mediastinal 7 

Cervical 2 

Abdominal 2 

Kidney 5 

Suprarenal 4 

Liver 4 

Bones 4 

Ribs ..: 3 

Vertebrae • 1 

Thyroid 3 

Brain 2 

Spleen 2 

Superior vena cava 2 

Pericardium 2 

Pancreas • 1 


Of the types of carcinoma encountered, adenocarcinoma leads, with 
seven cases ; acanthoma and medullary carcinoma, of each two cases ; 
carcinoma simplex and scirrhous carcinoma, of each one case. 

Correct clinical diagnoses were made in only three instances 
(Cases 5, 7 and 10). In one of these (Case 5), a diagnosis of tuber- 
culosis was made both clinically and by roentgenogram after a diag- 
nosis of pulmonary carcinoma had been made in another hospital at 
a previous admission. Necropsy proved that the first diagnosis was 
correct. In Case 8 a clinical diagnosis of pulmonary tuberculosis and 
abdominal tumor was made. This abdominal tumor proved at necropsy 
to be nothing more than a deformity of the vertebral column in the 
lumbar region, which was easily palpable through the thin abdominal 
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wall. One case was diagnosed as mediastinal sarcoma and another 
case as Pott’s disease. The latter case is of especial interest .because 
the metastases produced the sole and only symptoms and because of 
the prolonged course of the disease, three years. The roentgenologic 
studies did not assist in a correct diagnosis in a single case and in 
several cases they were definitely misleading. 

One patient (Case 2) complained of a severe neuritic pain in the 
right sacro-iliac joint. Similarly, another patient (Case 7 ) was 
treated for right-sided sciatica. It is very likely that both patients 
developed these symptoms from the pressure of tumor metastases on 
the spinal cord or nerves, though the exact source of the pain was 
not identified at the postmortem examination. 

In Cases 6 and 7, the heart was displaced markedly to the left, 
toward the affected side. This is sometimes the result of adhesions 
pulling the pericardium ; but in carcinoma of the lung, the mechanism 
of this displacement is quite different. The occlusion of the bronchus 

by the tumor mass prevents the air entering into the distal lung 

parenchyma and, with the gradual absorption of the gases resulting 
in a negative pressure on the affected side, the relatively increased 
pressure on the nonaffected side gradually pushes the mediastinum 
over. In Case 10, the heart was pushed over entirely into the left 
pleural cavity because the left lung had contracted to the size of an 
orange and only a small quantity of fluid was present to compensate 
for the loss of lung mass. The development of this negative pressure 
on the affected side also explains the asymmetrical chest, wdth the 

definite lagging and immobility. The cardiac displacement and the 

as 3 mimetry of the chest are very important findings for diagnosis. 

In Case 6 , the patient was apparently improving at one stage of 
his illness after he had been sick in bed for one month with what was 
thought to be bronchopneumonia. This probably was an attack due 
to extensive bronchiectasis, resulting from the bronchial stenosis. 
Another patient (Case 10) had several similar attacks though of shorter 
duration. In both of these cases, extensive bronchiectases were found 
at the postmortem examinations. The very confusing roentgenologic 
reports in Case 10 can readily be explained by a filling up and emptying 
of the many diffuse bronchiectatic cavities (Fig. 9). 

Cases 6 and 10 had periods of remission with general improvement 
of the conditions of the patient, subjectively as well as objectively. 
There is a common impression that loss of weight and weakness are 
progressive in cancer. This is not always true, however, as the patient 
in Case 10 regained 15 pounds (6.8 kg.) in weight, as well as his 
strength, at one time while in the hospital. This fact led some to 
believe that the patient was on the road to recovery and that the tenta- 
tive diagnosis of carcinoma of the lung was erroneous. 
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Case 13 is of interest from the standpoint of diagnosis. Some of 
the best men in the countr}'^ had failed to diagnose the case correctly. 
The completely negative chest findings were very misleading, as they 
precluded the possibility of locating the primary lesion in the lungs. 
The metastases to the vertebrae must have occurred rather early, 
while the primary tumor itself, grew very slowly. This scirrhous type 
of carcinoma is often very slow growing. A study of the microscopic 
sections in this case reveals the histogenesis of the cancer from the 
epithelium of the bronchial mucous glands. All gradations from the 
normal glands of the bronchi to completely unrestricted, anarchistic 
growth of tumor cells can be traced out in the sections. 

SUMMARY 

1. Carcinoma of the lung is a rare disease; but its rarity is exag- 
gerated by the failure to recognize many of those cases that do occur. 
It is only at necropsy that man)' are revealed. 

2. Carcinoma of the lung may be diagnosed clinically. However, 
a diangosis is possible only when careful and detailed histories are 
taken and accurate physical examinations are made. Laboratory and 
roentgenologic studies may also be helpful. All facts obtained must 
be carefully correlated. Statistics show that complete examinations 
of the patients have, in the hands of certain practitioners, resulted 
in correct clinical diagnosis in from 80 to 95 per cent, of the cases. 

3. This disease is apparently increasing in frequency, especially 
during the past few years. Chronic inflammations, such as tuberculosis, 
are possible factors in the etiology of the disease. The last great 
influenza epidemic is perhaps another factor. The average incidence 
has been about 2 per 1,000 necropsies. In our series, during the past 
few years the increase has been about fourfold. The disease has 
formed about 2 per cent, of the cases of cancer encountered at the 
postmortem studies. 

4. Most pulmonary carcinomas develop from the bronchial epithe- 
lium. Some originate from the bronchial mucous glands and only a 
few arise from the alveolar epithelial cells. 

5. Epithelial metaplasia is relatively common in bronchial mucous 
membranes. This may explain the origin of the comparatively large 
number of squamous-cell carcinomas in this region. 

6. Metastases are common in this disease and often are numerous. 
The frequency of metastases to the brain, suprarenals and thyroid is 
very striking. 

7. Pain in the chest, cough and dyspnea occur early. Bloody 
sputum, cornage and asymmetry of the chest are important findings in 
these cases. Laboratory procedures and roentgenologic studies have 
thus far not proved of very great assistance in the differential diagnosis. 



660 


ARCHIVES OF SURGERY 


8. Bronchiectasis is an important complication, especially since it 
may give misleading physical and roentgenologic findings during the 
course of the disease. 

9. The study of the thirteen cases reported in this paper shows the 
importance of . assuming a new attitude toward this disease with 
reference to its prevalence and diagnosability. The two cases encount- 
ered at the University Hospital during the past year were both recog- 
nized clinically; but ten of the remaining eleven of this series were 
not diagnosed correctly. This fact points strongly to the necessity of 
greater familiarity with the signs, symptoms and pathology of the 
disease.^® 


49. After this article had been sent to the publishers, another case of 
carcinoma of the lung came to necropsy at the Universit}-^ Hospital. This case 
had been studied for many months at the hospital, and had been diagnosed 
as carcinoma of the lung before this article had been completed ; but since 
no cases that had not come to necropsy were included in the present study this 
case was not discussed. Within a period of less than one year, three patients 
with carcinoma of the lung have been admitted to the University Hospital and 
their cases have been diagnosed. The last case will be reported later. 
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readily seen that the anastomosis of blood vessels in the cat and dog 
is rather intimate when compared to that of the rabbit and guinea-pig.^ 
The anatomy of the hepatic artery and its variations in man were 
reported in previous papers, as well as the variations of the bile ducts.- 
These studies have shown, however, that in certain cases in which 
there is no anastomosis at all of the hepatic artery before it enters 
the liver, and in which the hepatic artery is derived from the celiac 
axis only, there is considerable danger in ligating the sole source of 



Fig. 3. — Hepatic artery of the dog. The artery runs behind the lesser 
omentum. The intimate anastomosis accovints for the resistance of the dog to 
its ligation; II. A., hepatic artery. 


arterial blood to the liver. This is especially true since the hepatic 
artery is an end artery (Figs. 5 and 6). When an accessory hepatic 
artery is derived from the superior mesenteric or the left gastric artery 
there is probably less danger to the patient, but there is no question that 
accidental ligation of the main vessel even in such a case exposes the 
patient to danger of necrosis of the liver. 

2. Behrend, M. : Failure of Surgery on E.xtrahepatic Biliary 
JAMA 73:892 (Sept. 20) 1919; Improved Technic for Removal oi ua - 
bladder,;. A. M. A. 75:222 (July 24) 1920. 
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tunity seldom encountered to prove our contention that ligation of the 
hepatic artery is fraught with the greatest danger was lost. Micro- 
scopically, the liver showed a fatty degeneration typical of acute yellow 
atrophy of the liver. 


TABLE 1. — Sites of Ligation and Results Obtained After the Operation on the 

Hepatic Artery of the Rabbit 


Rabbit 

Site of Ligation 

Death 

Following 

Operation 

Death 

by 

Liver Changes 

Chloro* 

form 

Gross 

Microscopic 

1 

1 Peripheral 

18 hours 


No pathologic condition 
noted 

(No sections made) 

2 

PcrlPhoral 

V 

4 days 

1 


Liver shows several 
white areas, where tis- 
sue appears cheesy in 
consistency extending 
deeply into liver 

Large area of necrosis, 
with peripheral zone of 
cellular infiltration: 
marked dilatation of 
central vein of lobules; 
hepatic arterioles diffi- 
cult to find, and show 
hyalinization 

3 

X Central 


20 days 

1 

1 

No liver changes except 
dense adhesions in- 
volving omentum, me- 
sentery and under sur- 
face of liver 

(No sections made) 

4 


5 days 


Massive necrosis in area 
similar to Rabbit 2 

(No sections made) 

S 

\{ Pcrlphera 
X.^lncla4VnL 
portal 
Vein 

17 hours 


Anemic, pale and flabby 

Necrosis of cells near 
central part of lobules; 
cells stained poorly; 
collapse of cells 

6 

V \ 

\) llo 

7 Vessel 

Died dur- 
ing opera- 
tion 


Normal 

(No sections made) 


As has been stated, the site of ligation of the hepatic artery and 
its branches is important in developing the conclusions of our study. 
Let us divide the steps of a ligation into the central and peripheral, 
or a combination of the two (Tables 1 to 6). By a central ligation is 
meant the ligation of the hepatic artery just as it leaves the celiac axis. 
By a peripheral ligation is meant the ligation of the hepatic artery 
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Fig, 7.— Degeneration of the nuclei as a result of 
the hepatic artery (Kershner). 


ligation of a branch of 



Fig. 8. — ^Liver of dog killed 133 days after ligation of the hepatic artery; 
nuclei dissolved (Kershner). 
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close to the liver in the folds of the gastrohepatic omentum. In a 
central ligation, on account of the anastomosis with the gastroduodenal 
and the right gastric arteries, death of the animal is not certain. This 
fact is confirmed in man by Chiari.^ Rabbits and guinea-pigs 
may even resist a ligation of this character; but if a successful 


TABLE 2. — Sites of Ligation and Results Obtained After the Operation on the 

Hepatic Artery of the Rabbit 


Rabbit 

Site of Ligation 

Death 

Following 

Operation 

Death 

by 

Chloro- 

form 

7 

\ Peripheral 

19 hours 


8 

Y 

1 Peripheral 

18 hours 


9 


23 hours 


10 

''■‘s/ Central 


so days 

11 

\/ 

M Vescel 

\ LlE^ed 


18 days 

12 

\/ Peripheral 

36 hours 



Liver Changes 


Gross 


No gross change noted 


No color change 


Massive necrosis in all 
but one lobe; this lobe 
had blood supply in- 
tact 


Extensive adhesions; 
several large cheesy 
masses encased in 
liver substance; color, 
paler than normal 


Adhesions 


Characteristic necrosis, 
especially of lobe to 
which gallbladder is 
attached ; few adhe- 
sions found 


Microscopic 


(No sections made) 


(No sections made) 


Massive necrosis at one 
end of section; very 
little reaction against 
same; liver cells 
stained poorly; portal 
veins thrombosed and 
hugely dilated 

Hepatic cells stained 
poorly; much degenera- 
tion; central veins 
show dilatation 


(No sections made) 


Areas of necrosis, with 
zones of reaction 
against same; dilata- 
tion of portal venules 


peripheral ligation is performed in herbivorous animals, such as rabbits 
and guinea-pigs, all die in from seventeen hours to three or four days. 
This confirms our experiments reported in our preliminary note. Dogs 
are most resistant and live in spite of the ligations, which fact coincides 


3. Chiari ; Quoted by Baruch, Beitr. z. klin. Chir. 45:502, 1915. 
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With the work of Whipple.^ Kehr and Narath ® state that fatal necrosis 
in rabbits is common because all the branches of the hepatic artery 
are easy to ligate, while in dogs it is very different because of numerous 
anastomoses and sources of blood supply from the diaphragm. In 
his dissections of the liver of the dog, Dr. Benjamin Lipshutz, working 
in our laboratory, found no arterial supply going to the liver from 
any source except through the agency of the hepatic artery as illustrated 
in Figure 3. Dogs and cats will show the effects of a ligation for several 
days afterward. They are not so playful and there is an appreciable 
loss in weight. Still they recover from the effects, of the operation. 



Fig. 9. — Massive necrosis of liver of cat after every vessel had been ligated 
that entered the liver (Kershner). 

In only one cat were we able to cause death by ligation of every 
vessel running into the liver. This included also the ligation of the 
vessels of the diaphragm, which, according to some authorities, keep 
the animals alive after the hepatic artery has been ligated. The 
microscopic study of the liver of this animal showed it to be in a 
state of complete necrosis (Fig. 9). 

The most important deductions from our studies will be their 
application to the human being. Naturally the experimental operation 
cannot be performed in man ; but from our studies in the anomalies 
of the hepatic artery in the anatomic laboratory and at the operating 
table, we are convinced that the hepatic artery instead of the cy.stic 

4. Whipple: Bull. Johns Hopkins Hosp. 20:281, 1909. 

5. Kehr and Narath: Deutsch. Ztschr. f. Chir. 135:305 (March) 1916. 
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states that the hgation of the hepatic artery is tragic on account of 
Its lethal effect. He also reports eight deliberate ligations of the hepatic 
artery. Tufifier/ in operating on what was supposedly a hydatid cyst 
opened an aneurysm of the hepatic artery. The bleeding that followed 
was so profuse that he was compelled to ligate the hepatic artery prox- 
imal to the aneurysmal sac. Death followed within four days. There was 



Fig. 10. — Necrosis and degeneration of liver cells and cloud}' swelling 
(Radascli). 


no liver necrosis; but death was thought to be due to hepatic insuffi- 
ciency. Kehr’s ® patient is the only one, whose case is reported, that lived 
after the ligation of the hepatic artery. He states that after ligation of 
the hepatic artery above and below the aneurysm, the latter bled pro- 

7. Tuffier: Presse med. 17:153, 1909; Allessadria: Bol. Acad, de mcd, de 
Roma, 32:63-67, 1906. 

8. Kehr; Miinchen. med. Wchnschr. 1:1861-1867, 1903. 


BEH REN D-RADASCH-KBRSHNER— HEPATIC ARTERY 673 


fusely after it was opened, necessitating a tight tamponade. Kehr 
concluded from this observation that ligation of the hepatic artery was 
the proper treatment. Baruch dissents from this opinion on account of 
the occurrence of experimental necrosis following the ligation of the 
hepatic artery in animals. 

TABLE 4. — Sites of Ligation and Results Obtained After Operation on the 

Hepatic Artery of the Dog 


Dog 


Site of Ligation 



CsBtr&l 


C«iitral 



Central 



Central 




Death 

Following 

Operation 


4 days 
from 
sepsis 


Death 

by 

Chloro- 

form 


33 days 


38 days 


3S days 


113 days 


Liver Changes 


Gross 


Paling of portion of 
under surface of liver 


No changes noted except 
for adhesions in gas- 
trohepatic region 


None noted, except dense 
adhesions about gastro- 
hepatic region 


Appears normal except 
tor few small areas of 
gray coloration 


Liver of normal con- 
sistency and color; 
very few adhesions 


Microscopic 


(No sections made) 


Portal veins dilated; or- 
ganizing thrombi • i n 
some vessels; liver cells 
swollen and fine va- 
cuoles present; yellow, 
amorphous pigment 
present 


(No sections taken) 


Capsule normal: central 
zone of each lobule 
shows destruction of 
liver cells and replace- 
ment by cellular detri- 
tus red blood cells, and 
amorphous pigment; 
large bacilli scattered 
throughout detritus 
Liver cells are swollen, 
pale, and filled with 
fine vacuoles: nucleus 
absent in many _ in- 
stances ; 3 - e 1 1 o w i I h , 

amorphous pigment in 
abundance; portal veins 
not dilated 


Narath has collected all the articles on ligation of the hepatic artery, 
particularly the work of von Haberer. The data disclose that the 
vitality of the liver depends on the site of the ligation. The more 
centrally the ligature is placed, the greater the chance of recovery. 
The results also show that ligation of a branch of the hepatic artery 
in most cases resulted in the death of the animal from hepatic necrosis. 
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death does not follow, the necrotic area is encapsulated. All this is 
conformity with our own experimental work. In addition, we found 
at one or two animals survived because of adhesions of the liver to the 
diaphragm and of the great omentum to the parietal peritoneum, form- 
ng, so to speak, an accessory anastomosis similar to that following a 



Fig. 11. — Same as Figure 10, but showing a lesser degree of degeneration 
(Radasch). 


Talma operation for cirrhosis of the liver. The occurrence was so 
striking that our attention was directed to this phenomenon. 

TECHNIC 

Prior to operation all animals were shaved, tincture of iodin was applied 
to the skin, and then the field of operation was surrounded with a sterile sheet. 
The instruments were boiled between operations, when more than one was per- 
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formed on the same dai\ The hands were thoroughly scrubbed. Gloves were 
not used. Ether anesthesia was used altogether, except in the case of cats, 
when chloroform was employed to induce stupor only, after which ether was 
given. Chloroform was tried on dogs, but they were so susceptible to it 


TABLE 5. — Sites of Ligation and Results Obtained After Operation on the 

Hepatic Artery of the Cat 


Cat 

Site of Ligation 

Death 

Following 

Operation 

Death 

by 

Liver Changes 

Chloro- 

form 

Gross 

Microscopic 

1 

\ Central 

J and 

(T PeriphenC 

./< 


23 days 

No changes noted 

(No sections made) 

Z 



1 23 days 

No changes .noted 

(No sections made) 

3 

Y Central 
and 

r Peripheral 


20 days 

Liver shows no gross 
change; gallbladder 
thickened and tough; 
adhesions 

Hydropic degeneration of 
liver cells; immediate 
subcapsular region is 
congested; some cen- 
tral veins contain coag- 
ulum; portal veins di- 
lated 

A 

! 

T ventral 
and 

) Peripheral 


19 days 

i 

Dense adhesions in re- 
gion of gallbladder; 
no other changes noted 

Capsule normal ; central 
veins congested; liver 
cells generally show 
hydropic degeneration, 
but are best preserved 
in subcapsular areas 

5 

\ Central 
^ Dlaphragnatlo 
' \ Peripheral 

48 hours 


Soft, succulent, and 
paler in some areas 
than in others 

Universal necrosis 


that we were compelled to use ether exclusively. Silk was used in all ligation ; 
the wounds were closed with catgut and silk sutures. A pad was always 
placed at the border of the ribs posteriorly so as to render the structures 
around the foramen of Winslow .nearer to the field of operation. 
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morphologic and histologic report 

in tire preliminary note In H, ' ^^P^rmental work mentioned 
in our faa, ex^Iriren,,. ' ™“"' “"^^ed 



Fig. 12. Parenchymatous degeneration ; portal canals unusuall}' prominent 
(Radasch). 


the right lobe and the diaphragm, there was a la}'er of light vellow material 
that seemed to be necrotic liver tissue. The left lobe of the liv'er was mottled 
with reddish and whitish patches. The cardiac part of the stomach also showed 
a yellowish patch. 

The surface of sections showed a thick layer of granular material which 
under the higher power was seen to consist of many leukocytes f chiefly 
polymorphonuclear cells and some 13 'mphocytes) and necrotic substance. In 
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some areas, the cells predominated and in others the granular necrotic material 
was predominant. Separating this necrotic layer from the liver cells was 
the scarcely perceptible capsule of the liver. In places the capsule seemed absent 
and the liver cells underneath had undergone a degenerative change in varying 
degrees; some were entirely destroyed, while others were very nearly so, or 
showed only early changes. Many areas of focal necrosis were noticeable and 


TABLE 6. — Sites of Ligation and Results Obtained After Operation on the 

Hepatic Artery of the Cat 


Cat 

Site of Ligation 

Death 

Following 

Operation 

Death 

by 

Chloro- 

form 

Liver Changes 


Gross 

Microscopic 

6 

>^ontral, 
^ /^PeripherBl, 

) 1 and 

^Portal Vein. 

18 hours 

1 

Pale, soft and flabby 

Total necrosis 







7 

s 

1 / Coutrsl 

'X. 7 and 

1/ Vaaaela 

I 

( ^ Dlaphrago. 


14 days 

Many adhesions; two 
lobes of liver a degree 
paler than normal 

Portal veins injected; 
central veins distended; 
hydropic degeneration 
of liver cells; no mas- 
sive necrosis 

8 

L, ) / Central 

\l and 

Y Vessels 

) Of 

1 Diaphragm 


63 days 

Many adhesions; liver 
considerably paler 
than normal; no 
change in consistency 

Irregular focal necrosis 
in central parts of lo- 
bules; hydropic degen- 
eration of cells toward 
periphery of lobule; 
some enlargement of 
all the vessels 

9 

1/ CEKTML 

K, 


40 days 

Liver much paler than 
normal; gallbladder 
apparently normal; in-, 
ferior surface of liver 
shows small, pale, 
raised areas 

1 

I Cells swollen and pale; 
certain areas contain 
irregular, clear va- 
cuoles; nuclei generally 
pale, and some entirely 
missing (hydropic de- 
generation) 

10 

Pen,h.r.l- 


27 days 

.Adhesions but no other 
changes 

(No sections made) 


some of these were quite large and chiefly subcapsular. The hepatic cells in 
general exhibited parenchymatous changes, especially' the nuclei. The latter 
responded very poorly to the stain. Some of the larger biliary ducts 
showed changes. The epithelium was partly desquamated and the remainder 
showed cloudy swellings (Figs. 10 and 11). 









678 


ARCHIVES OF SURGERY 


the deeper surface. The hepatic celk in <r i t. ^ showed proliferation on 
eration to a marked degree. There were^rT"" Parenchymatous degen- 

groups of round cells were noted The II areas, and small 

Places, and the cells^lord\tr?p;;;\t:’;"^^ 
prominent (Fig. 12). ^ ^ canals were unusually 



Fig. 13. — Most extensive changes, 
small holes (Radasch). 


The liver in fresh state showed many 


Another section exhibited the most extensive changes so far studied. Even 
in the fresh state (at removal), the liver showed many small cavities that 
communicated with one another. In section this condition was emphasized 
and gave the appearance of having been riddled with shot. The same section 
represented the thin margin of the liver, and with the unaided eye the numerous 
small spaces left b 3 ^ .the removal of the necrotic tissue gave characteristic 
appearance to the section. The capsule showed ver}' little thickening, and the 
mesothelium for the most part was absent. Most of the remaining hepatic 
epithelium showed marked parenchymatous degeneration. A few cells gave 
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INGUINAL HERNIA: A STUDY OF THE PRINCIPLES 
INVOLVED IN THE SURGICAL TREATMENT 

P. W. HARRISON, M.D. 

BAHREIN, PERSIA 

There is no lack of recent literature on the subject of inguinal 
hernia, and no lack of variety in the operations suggested for its relief. 
All manner of technical procedures have been described; and varying 
degrees of success have been reported. These articles, however, have 
dealt with details. There has been a surprising absence of any effort 
to submit the principles governing all the accepted operative procedures 
to a really adequate analysis and criticism. 

ANATOMY 

The abdomen forms a closed sac, and its walls are exposed to a 
slight constant intra-abdominal pressure. In addition to this, whenever 
the trunk is in the upright position, the lower part of the abdominal 
wall must withstand a supplementary pressure approximately equal 
to that of a column of water 25 cm. high. If observations at operation 
can be trusted, these factors are trifles compared with the strain put on 
the wall in coughing, heavy lifting, etc. Under these circumstances, the 
intra-abdominal pressure, for a brief period, must reach a much 
higher figure. 

PATHOLOGY 

In certain places, the abdominal wall sometimes proves unequal to 
the strain put on it, and a hernia develops. The most frequent site of 
such a failure is the internal abdominal ring, and next to it, Hesselbach’s 
triangle. Femoral hernia is much less common, and occasionally we 
see a hernia through Petit’s triangle, and in many other places. 

It is a matter of some importance to find out which of the struc- 
tures forming the abdominal wall is at fault when it gives way. The 
problem is most easily studied in direct hernia, in which the beginning 
of the process is not infrequently observed. I have had occasion within 
the last year to operate in two very early cases of direct hernia. In 
these two patients, there was no noticeable bulge on coughing or 
straining. Following heavy lifting, the patient complained of pain in 
the region of the external ring, which recurred on exertion, and which 
in the few days since the onset had been growing worse. A tentative 
diagnosis of beginning direct hernia proved correct in each case, and 
although at operation the muscular structures of the abdominal wall 
seemed to be quite normal in development and arrangement, the 
transversalis fascia was found to be giving way over an area, m one 



r r'“i «- t'c '’:- 

onj::;- '■" -S: 

nZ7 ••'inr^d ,"°''^^’'‘>^>>y ltk^'>' ^placed 

it Mr-, conr/.v '^’ "^^^'ever +i ’ ""^s nn^ ^ . ^‘^ain 

’■Offlainin^ „ '^'5"*'% evident”!', ''’''® rtanve i**^ o^ontia/'?*'*’*' ‘o 
''■o'vine. !/"'» Of tte tra" tte Jesfe! " '^nsversi; '“'' 

no tendetjcxr + ^^'^rsa/fc f^. • "'^s sharr.; fasc/a 

'’-™= Oer,!!”"^,^ contrftnt^ 

^o/i unanini/ty 7"" 'osu/fic,e7'^ ^onerajjy Oeiv to 

^fere fi^g ^Joivever oht ^“f’Posed that . 5- 

niost unf ^ ^’Uch con A • ^s to fi ^^^^'^nsah's f ‘^^^ecr 

/>erS ;? ”r"*^ «'e C C 7!?“^ va^:at«"' "« 

^ooomes; ’"d SO. after"!,,""'' ''“"*eds ^r'’ "" '"'''rect 7?“'""' 

«== «>eory“f!"’’''‘>'o, to say tl. T" "«''''e J,7e "'w firs , ™'-''- 

''-JS P=™«en77 ■'/'■"o. fi gives 'i>e ^a^ >“«>os;s 

'Voutrj Process r ^ file abrt if a/7 f -^^^^essus 

Serve tn t • ’ itc ,, for t/ie ^u , ^f^^np-t/i ,v 

:: -rSr„f- 

tod, :: "r - 7;":™ " 

.rir '"" 

''■^placement o7 to '* “'^ady ” ?-n''''''’«'>"- 

“'"■'■musenfetaJd/ “'"?of 

fascia; s,t„e. 



682 


ARCHIVES OF SURGERI 


tures that bound it. The muscles, however, appear to be normal in size 
and strength. The floor is formed by a conjoined tendon, apparently 
normal in strength and thickness, as are the internal oblique muscle 
and the pillars of the external ring. We frequently see an indirect 
hernia coming through an abdominal wall, much superior in the strength 
of its musculature and the snugness of its external ring to many walls 
that show no hernia. The impression is very strong that the displace- 
ment of the muscular and fascial structures accompanying an indirect 
hernia is the effect of the hernia and in no sense its cause. 

This conviction is much strengthened by a consideration of the 
further development of such a hernia. A Bedouin boy fell from his 
camel, and, following the accident, an inguinal hernia began to develop. 
Six months later, he reported to the Mason Memorial Hospital with 
the largest hernia that has ever come under my observation. It reached 
below the knees. Such a history, however, is exceedingly rare. 
Usually the pressure-resisting capacity of the abdominal Avail at the 
internal ring does not drop to zero or anyAAdiere near it. It barely 
sinks under the necessary 100 per cent, and a hernia develops, the 
growth of which proceeds very slowly and in most cases stops altogether 
after a time. In ninety-three hernias in which this matter was 
investigated, fifty-seven had ceased to enlarge after a longer or shorter 
period, and there had been no increase in size since. This is a country 
AA^here the influence of trusses may be disregarded. The external ring 
in some of these cases Avas very large, the hernia recurring immediately 
after reduction, in other words, the laws of fluid pressure must have 
been practically 100 per cent. effectiA'e. Indeed, the same conditions 
are found in those infrequent hernias that are partially or Avholly 
filled Avith fluid, and in AA'^hich the laAvs of h)'^drostatic pressure must 
be quite unmodified. 

The Aveakness of the Avail in such a hernia has become compensated 
and the hernia AAnthstands the intra-abdominal pressure adequately. Il 
does so, hoAveA^er, Avith no help from the muscular abdominal Avail. A 
hernia of long standing shoAvs tAvo layers, AAdiich apparently are the 
effectiA^e agents in Avithstanding the intra-abdominal pressure : an 
external fascial layer that is continuous AAOth the external oblique 
fascia, and an inner layer, intimately connected Avith the peritoneal 
sac itself. The scattered fibers of the cremaster muscle cannot be 
considered as rendering any significant help. 

The natural conclusion is that the cause of an indirect hernia, as of 
a direct hernia, is the failure of the transversalis fascia to Avithstand 
the intra-abdominal pressure to AAdiich it is subjected. It is not surpris- 
ing that of all the transversalis fascia the Aveakest spot is the place 
where its continuity Avas interrupted in fetal life to alloAV the descent 
of the testicle.' There is no reason to assume the persistence of an open 
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processus vaginalis in every case, in the absence of any demonstration 
of such a phenomenon. The descent of the testicle must certainly 
leave the fascia weak in this locality; and this would seem sufficient 
to- explain the fact that here it most frequently gives way. 

A second conclusion is that once the transversalis fascia gives wa)’’, 
the muscular abdominal wall offers no effectir^e obstacle to the groui;!! 
of the hernia, and that compensation is eventually established with no 
help from that wall, but by a hypertrophy of derivatives of the trans- 
versalis and external oblique fascias. 

If hernias occur because of the failure of the transversalis fascia 
to withstand the. pressure to which it is subjected, the natural method 
of operative correction would seem to be the repair and strengthening 
of that fascia. The surgical attack on the problem, however, has 
developed along an entirely different line. Previous to the appearance 
of Halsted’s article in 1889 and of Bassini's article in 1890, it 
could hardly be said that any coordinating idea existed. Those 
two articles laid down the main principles of procedure that 
have been followed ever since; first, that after removal of the 
hernial sac, its recurrence is to be prevented by a repair of the muscular 
and fascial structures of the abdominal wall ; and second, that the 
principle feature of this repair is a solid attachment between the internal 
oblique muscle and the conjoined tendon on the one side, and Poupart’s 
ligament on the other. Around this central idea, every imaginable 
technical variation has been advocated, each constituting an enormous 
improvement in the mind of its sponsor, and proving to be no improve- 
ment at all in the hands of anybody else. The cord has been brought 
out below, in its normal position close to the pubic bone, and it has 
been transplanted and brought out higher up. When thus transplanted 
it may be placed between the internal and external .oblique muscles, 
or it may be placed subcutaneously. The medial leaf of the external 
oblique fascia has been sutured above Poupart’s ligament, and it has 
been sutured below it. The cord has been brought out through a single 
opening, and it has been separated into veins and vas, and brought 
out through two smaller openings. Postures for the patient have been 
studied whereby the hiatus between the conjoined tendon and Poupart’s 
ligament can be reduced. An untried technical rearrangement of the 
available material can scarcely be imagined, but always under the 
guidance of the two principles that Halsted and Bassini laid down. 

It is unlikely that anything is to be gained by further efforts along 
this line. The two principles introduced by Halsted and Bassini have 
done, for the surgery of inguinal hernia, all that they are capable of 
doing. There is, indeed, a rather surprising lack of precise information 
as to what this procedure does accomplish. Any one who has had 
occasion to operate on recurrent hernias knows that it does not accom- 
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plish what is usually supposed. We do not produce an abdominal wall 
where a close apposition of the internal oblique muscle and the conjoined 
tendon on the one side and Poupart’s ligament on the other prevent the 
recurrence of a hernia. What we produce is a mass of scar tissue, 
densely adherent on the external side to Poupart’s ligament, on the 
internal side to the internal oblique muscle and the conjoined tendon, 
and below to the pubic bone. • Through this plate of scar tissue, the 
spermatic cord makes it exit, either higher up or lower down, according 
to the type of operation performed. 

Compared with conditions before the articles of Halsted and Bassini 
appeared, results have been very good. Compared with any permis- 
sible ideals of the present, they are bad. They are certainly not nearly 
so good as we have supposed. Johns Hopkins Hospital estimates its 
recurrences in the neighborhood of 10 per cent., and the' Massachusetts 
General Hospital reports 8 per cent, of recurrences in cases followed 
and examined. Series of private cases from the upper classes, with no 
investigation of end-results, are not to be weighed against these 
figures. It is not likely that improved technic has much to offer us 
over what these two hospitals report. Apparently these figures repre- 
sent the limit of development of this method of attacking this problem. 
A detailed analysis of published results would undoubtedly show that 
present methods are adequate for the hernias of children, reasonably 
satisfactory for small indirect hernias, and very unsatisfactory for 
direct hernias, and for those cases with large external rings and 
atrophied conjoined tendons. 

The experience of the late war is interesting in this connection. It 
seems regrettable that the unique opportunity for a thorough study of 
the whole hernia problem was not realized. We shall hardly have such 
an opportunity again. However, one war-time conclusion is worthy 
of note from the standpoint of this article; namely, that the important 
point in the operative procedure is a high dissection of the sac, the 
treatment of the abdominal musculature being a comparatively minor 
matter. 

TECHNIC EMPLOYED AT BAHREIN 

Before proceeding to describe the operation for hernia that has been 
developed in the Mason Memorial Hospital, a word more must be added 
regarding the anatomy of a hernia. A hernia of some years’ standing 
shows a Avell developed fascial layer, intimately associated with the 
peritoneal sac, and a second layer springing from the external oblique 
fascia. These layers, however, are not absolutely uniform in strength 
and thickness. Over the neck of the sac, they are thickened and more 
or less fused. Apparently, owing to this local hypertrophy, the hernial 
sac, however large it may become, always retains its comparatively 
narrow neck. Even when the external ring is large and the contents 
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and in many cases, I am certain thd:t they are. When the external 
ring was too large to permit this, the leaves of thickened fascia and 
peritoneum of the neck of the sac have been overlapped from above 
and below, leaving a doubled layer which stands ready to withstand 
the intra-abdominal pressure. 

Following this, the cremaster is sutured under the internal oblique 
muscle and the conjoined tendon, a procedure described by Dr. Halsted 
in 1893. I believe that the cremaster muscle so placed is a help in 
retaining the sutured parts in position until solid healing has occurred. 
In some cases after the peritoneum with its transversalis fascia has been 
overlapped from above and below and sutured in place, the patient 
is able by coughing and straining to force omentum .out of the 
angles of the overlap. After suturing the cremaster muscle under the 
internal oblique muscle and conjoined tendon, the repair is beautifully 
snug and efficient. I make it a rule to test the operative repair at this 
point by having the patient cough violently and strain. I believe that 
the test is of considerable value. The cremaster muscle may not con- 
tribute anything of great value to the permanent repair of the hernia. 
If the ideas outlined above are correct, its contribution in any case 
should not be needed. Its effectiveness, however, in holding the 
repaired parts in place and making the repair completely effective 
during the days immediately following the operation, no one can doubt 
who has tested it in this way. 

This practically completes the operation. The external oblique 
muscle is repaired, restoring the external ring, which I endeavor to 
leave more or less normal in size. I do not try to make it unusually 
snug, being careful to avoid any pressure on the cord at this point. 
The operation has already traumatized the vessels of the cord, and 
every effort is made to reduce further insults to a minimum. The 
subcutaneous tissue is united and the skin sutured. 

Direct hernia I regard as presenting a distinct problem from that of 
an indirect hernia described above. The fascia of the neck of a direct 
hernia shows little tendency to hypertrophy, and the vascular layer of 
fat which lies between it and the peritoneal sac leads nearly always 
to a fairly complete destruction of the transversalis fascia before the 
sac is isolated and disposed of. Thus the operation leaves a consider- 
able defect in the transversalis fascia; and under such circumstances, 
a recurrence is to be anticipated. The commonly used operations for 
indirect hernia have given better results than those used in direct hernias 
for the dissection does not destroy the transversalis fascia, and if it 
is carried up to the region of the hjq^ertrophied fascia of the neck o 
the sac, or higher still, to the region of normal transversalis fascia, we 
have the materials for an efficient repair. A simple ligature around the 
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neck of the sac is far from being an ideal means of repairing the fascia ; 
but with, a smooth primary union, the results show that it has been 
effective in 90 per cent, of the cases. 

Whether the theory as outlined above is correct or not, there is no 
question concerning the fact that recurrences after operations for 
direct hernia are very common. Downes definitely recommends that 
certain types of such hernia be treated by trusses. We have, had the 
same experience as others. To operate on a small direct hernia and 
have it promptly recur as a much larger and more troublesome affair, 
is a very disquieting experience. 

The operation for a direct hernia used here in Bahrein is the same 
as that for an indirect hernia, until we come to deal with the sac, which 
is entirely isolated. Every effort is made to preserve the transversalis 
fascia while cleaning off the peritoneal sac. Practice has improved the 
technic and the results; but the results are far from uniformly success- 
ful even yet. As the peritoneal sac is often quite tough and substantial, 
it is split into an upper and Mower leaf, and overlapped as described 
for an indirect hernia. The transversalis fascia is then sutured over it, 
or, indeed, overlapped if there is sufficient material for that. The most 
important feature of the operation, however, is the step that follows. 
A piece of fascia lata an inch (2.5 cm.) square, or larger, if necessary, 
which has been previously removed from the thigh, is then sutured 
carefully into place, reinforcing the transversalis fascia over the weak 
area, and overlapping normal fascia on every boundary. The size of 
the transplant required can be feadily ascertained before the operation 
by examination of the patient. We do not attempt to suture this 
fascia under tension. The effort is made rather to fasten it accurately 
in the location desired, and the cremaster muscle is then sutured under 
the internal oblique muscle and the conjoined tendon, to carry the 
strain of coughing, straining, etc., until healing is solid and complete. 
This transplantation of fascia is a very simple procedure, adding not 
more than fifteen minutes to the time required for the operation, and 
I have yet to see a transplant that made the least trouble afterward. 
Hernias which are composed of a direct and an indirect sac are treated 
by division of the deep epigastric artery and the repair completed as 
in a simple direct hernia. Recurrent hernias are treated as direct. 

RESULTS 

Nov. 1, 1921, the operations described had been in use for nine 
months, during which time 201 hernias had been repaired by this 
method: 142 indirect hernias, and fifty-nine direct. The Mason 
Memorial Hospital is located in a very sparsely populated country, and 
is the only place where surgical service is to be obtained for hundreds 
of miles, in practically any direction. As might be expected, patients 
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who travel these long distances are usually those with severe lesions, 
the cases of hernia forin no exception. They are usually men of 
middle age, or older. The average age in this series, including children, 
was 43 years. Arabs and Persians practically never know their ages, 
and the figure given is the average of the physician’s estimate for the 
different patients. The average duration of the hernias, excluding those 
which were congenital, was seven and one-half years. Thirty-six were 
recorded as being as large as coconuts, or larger; and of these four 
were extremely large, one reaching to the level of the patella, and 
three others to within 2 or 3 inches (5 or 7.6 cm.) of its upper border. 
The external ring admitted the tips of three or more fingers in thirty- 
five cases, and the conjoined tendon was atrophic in fifty-six cases. By 
this I mean that the examining finger slipped without difficulty through 
the external ring to the posterior aspect of the pubic bone. Six were 
sliding hernias, cases being so designated only when practically the 
whole of the posterior wall of the sac was composed of adherent 
cecum, colon, and the terminal part of the ileum. Three in the series 
were strangulated hernias ; but, during this period, we were fortunate in 
receiving the strangulated cases early, before gangrene of the bowel had 
occurred, so that operatively they differed in no significant way from 
the others. 

Technically, the series is not one of which to be proud. Two of the 
wounds suppurated. In one of these, the incision passed across a long 
narrow brand, a few days old. This is a favorite Arab treatment for 
almost anything, hernia included. It was one of the three strangulated 
hernias, so the operation was undertaken after a careful cleaning of 
the infected ulcer. The resulting suppuration was superficial, and the 
final result was good. The other case of suppuration was due to some 
grave error in technic. There were eleven insignificant suture infec- 
tions, including those in two patients who reported to the clinic after 
their discharge following the removal of sutures. There were three 
serious hematomas, and a number of small ones. There were four 
deaths, one from an epidemic of infectious diarrhea in the hospital, 
one from heat stroke, a day or two before the expected discharge of 
the patient, and one from postoperative pneumonia. The fourth was 
the result of one of the hematomas mentioned above. About the fifth 
or sixth day, a patch of gangrene developed at the bottom of the 
scrotum, septicemia set in, and the patient died on the tenth day. 

Previous to the adoption of the new operative procedure, our 
results had been far from satisfactory. Our hernia list has grown 
during the past four years, from 150, more or less, to nearly twice 
that figure for the past year. No follow-up system is possible m 
Arabia, where such things as posts and telegraphs are utterly 
unknown, and where probably not one in ten of the patients can reac 
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AN UNUSUAL CASE OF INTESTINAL OBSTRUCTION 

A. MURAT WILLIS, M.D. 

Professor of Clinical Surgery, Medical College of Virginia 

RICHMOND, VA. 

The case herewith reported presented a condition which I had never 
previously encountered, nor have I been able to find a similar instance 
reported in the literature. 

REPORT OF CASE 

History. — W. M., boy, white, aged 11 years, admitted to the Johnston-Willis 
Sanatorium, Nov. 25, 1920, with an unimportant famiR history, had had mumps 
and pertussis and, two years previously, typhoid. His appetite was good, and 
previous to the present illness the patient had never suffered from any attacks 
of abdominal pain, vomiting, or diarrhea. November 20, the patient was sud- 
denly seized with severe, generalized abdominal pain. He soon became nau- 
seated and is said to have vomited steadily for two hours.' At the end of 
this time, the pain gradually subsided and soon ceased entirely. There was 
no recurrence of the pain until November 24, when an attack similar to the 
first occurred. Examination at this time revealed an oblong mass, about 4 
inches (10 cm.) long, in the right lower quadrant of the abdomen. The pain 
diminished, but some pain persisted until the following day, when the patient 
was admitted to the hospital. 

Examination . — The patient did not seem sick. He was well developed and 
well nourished. The lungs were clear both on percussion and, auscultation. 
The heart showed no enlargement or murmurs. The abdomen was symmetrical 
and lay slightly, above the level of the ribs. There was definite, slight ten- 
derness in the right lower quadrant. Also in this region, a moderately hard 
mass, suggestive of an old appendiceal abscess, could be palpated. 

The white cell count was 16,000. The Wassermann reaction was negative. 
The urine was amber, clear and acid, with a specific gravity of 1.021. There 
was no sugar and a very slight trace of albumin. Sediment showed an occa- 
sional epithelial and pus cell. 

The -history very obviously suggested a diagnosis of recurring 
attacks of intestinal obstruction. The common causes of recurrent 
intestinal obstruction in children are intussusception or adhesions 
resulting from appendiceal inflammation. In this case, the palpation 
of a mass in the right iliac fossa, together with the fact that the leuko- 
cyte count was 16,000, led to a provisional diagnosis of partial obstruc- 
tion from appendiceal abscess, though the possibility of intussusception 
was borne in mind. Since the child did not seem ill, it was deemed 
best to delay operation so that if an abscess were present sufficient time 
would pass for it to become definitely walled off. 

0/>craO'o)!.— November 27, the leukocyte count had fallen to 6,000; the tem- 
perature was 98.6 F., and the pulse was 98. The condition seemed favorable 

for operation. 
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Under ether anesthesia, a right rectus incision was made. It was seen that 
the mass which was palpated at the time of the patient’s examination was 
due to an .enlargement of the lower portion of the ileum, above the ileocecal 
junction, the enlargement suggesting strongly the presence of an intussus- 
ception of this portion of the bowel. The mass lay entirely in the pelvis; and, 
in order to deliver it, the incision had to be enlarged. Upon delivery, the 
mass was found to be about 6 inches (15.2 cm.) long arid 3 inches (7.6 cm.) 
across, somewhat ovoid in shape. The covering resembled the visceral peri- 
toneum, except that it was somewhat paler. Palpation produced a doughy 
sensation, similar to that felt on palpation of an intestine filled with ascarides. 
Careful inspection showed that what was at first thought to be a dilated intes- 
tine, representing the intussuscipiens of an intussusception, w'as in reality a 
sac, formed from a membrane which appeared to cover the whole of the small 
intestine. Above and below the sacculated portion, this membrane was quite 
closely approximated to the intestine, somewhat like a loosely fitting glove 
finger. This sheath could be slipped about an inch (2.5 cm.) in either direc- 
tion, downward 'or upward ; further movement was then prevented by some 
connection which existed between the wall of the intestine and the inner sur- 
face of the sheath. 'The sacculated portion was split longitudinally, in the 
direction of the mesentery, and it was found that within the sac there were 
30 inches (76.2 cm.) of small intestine, much coiled and folded, the terminal 
portion showing multiple diverticula. There were no adhesions between the 
adjacent coils of intestine; but a few delicate strands of connective tissue 
ran from the intestine to the inner surface of the sac. The redundant por- 
tions of the membrane, forming the sac, were trimmed off, freeing the con- 
tained intestine. It was deemed unnecessary to interfere with the portions of 
the membrane above and below the sacculated portion. 

COMMENT 

It was apparent that the cause of the recurring attacks was a dis- 
placement of the mass of intestine contained in the sac. When this 
mass was fitted down into the pelvis, it caused no symptoms; when it 
was displaced upward, it caused an angulation of the intestine and 
the consequent obstruction. The explanation of the nature of the 
membrane is not so simple. The absence of any evidence of an inflam- 
matory process indicates that the condition was the result of some 
developmental defect. Histologic examination of a portion of the 
membrane made by Dr. S. W. Budd showed that it was made up of 
fibrous tissue. Dr. Budd suggested that it represented remnants of a 
persistent ventral mesentery which failed to disappear normally and 
was drawn over the gut at the time of the latter’s rotation. 
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frequent on the right than on the left side, and only nine persons 
showed symptoms on both sides. The average duration of symptoms 
was forty-five months. Of the thirteen patients operated on, all were 
partially or wholly relieved of the symptoms. 

Pressure on the brachial plexus from costal elements has been dis- 
cussed by Bramwell and Dykes.® They conclude that pressure symp- 
toms may be caused by a cervical rib, by a rudimentary first dorsal 
rib, or by a normal first dorsal rib. They, as well as Trostler, find 
a much greater number of females than males affected. In twenty 
cases the average age of onset was 22 years. They believe faulty 
posture and, notably, confinement to bed are important etiologic factors. 
When the symptoms are not pronounced, attention to the general health, 
correction of posture, and temporary support of the arm by a sling 
may be expected to relieve the pain. When muscular weakness or 
atrophy produces constant annoyance, surgical intervention is indicated 
and is usually completely successful. 

[Ed. Note. — We have referred to this syndrome in earlier Reports 
of Progress and to the frequent failures of diagnosis, especially when 
no true cervical ribs are found to exist. Sir Harold Stiles has recently 
called attention to the common anatomic variations in the arrangement 
of the brachial plexus. There is the prefixed or high plexus, in which 
the first dorsal nerve may take no part, and the postfixed, or low 
plexus, into which the second dorsal nerve may enter. The neural 
elements embryonically- are developed before the costal elements and 
influence the growth of these costal elements. The first rib is found 
in most of these symptomatic cases to be somewhat rotated and to 
show a deep groove for the first dorsal root. When removed and 
laid on a flat surface, it rocks instead of lying flat, as in the normal 
case. With a postfixed plexus and a rocking first rib, Sir Harold 
believes that the symptoms of irritation of the first dorsal root fre- 
quently occur. These symptoms are pain along the ulnar side of the 
arm, weakness in the muscles, chiefly of the ulnar distribution, and 
atrophy of the adductor and interossei of the thumb. The removal of 
the portion of the first rib over which the root passes has been success- 
ful in his cases. Undoubtedly, we should review with more care and 
understanding cases of persistent “neuritis” and arm weakness. The 
common onset of these symptoms in later life, although the anatomic 
variation has been of congenital origin, would suggest that correction 
of posture or change of occupation might be expected to relieve many 
patients. These cases, we believe, may well be confused with cases 
showing a degenerative or hypertrophic arthritis of the cervical spine. 
One would expect to find helpful differentiating evidence in involve- 


5. Bramwell and Dykes; Edinburgh M. J. 27:65 (Aug.) 1921. 
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considers from his experiments on dogs to be so important, Woltman 
believes could act only as a secondary cause. The findings in 187 cases 
are discussed. Twenty-four and six-tenths per cent, of these were of 
the occulta type.. Hypertrichiasis, on the whole, is not common. 
Deformity of the foot, usually clubfoot, is one of the most common, 
and may be due to muscular weakness. Forty-nine patients over 5 
years of age (excluding the occulta type) were studied. Eighty-four 
per cent, of this group showed evidence of cord involvement, and 71 
per cent., sphincteric disturbances. There was motor paralysis in 53 
per cent, and sensory changes in 45 per cent. Incontinence is common, 
and, while often not discovered early, becomes one of the most trouble- 
some complaints. Of the fifty-seven patients operated on in the Mayo 
Clinic, twenty-two were cured, twenty-three improved, and twelve died. 
Two patients had postoperative hydrocephalus. 

Christopher has made a collective review of spina bifida occulta, 
quoting Wheeler’s study of 1,000 roentgenograms of the lumbar region 
in which the incidence of incomplete closure of the posterior vertebral 
arches in the last lumbar vertebra was 2.3 per cent. The entire sacral 
canal was open in 2.89 per cent, of the entire series. After reviewing 
the experimental work on spina bifida, he considers the symptomatology. 
The cord may be normal or rendered abnormal by pressure or by 
reason of a false anlage, or by traction of the strand which connects 
the cord to the skin. Katzenstein,^® however, has called attention to 
the fact that frequently the symptoms first appear between the ages 
of 9 and 17. He believes this may be explained by the fact that between 
these years the skeletal growth is at its maximum and consequently a 
maximum amount of pull is exerted on the cord by the band remaining 
adherent to the skin and passing through the adjacent bony structures. 

The foot symptoms are variable, the commonest being talipes equino- 
varus ; but equinovalgus and cavus occur. Paresis of the interossei has 
been reported by Guthrie,^® and a chronic osteitis of the metatarsal 
bones by von Recklinghausen. A very constant physical sign is the 
presence of one or two sacral diiViples, commonly a small pit posterior 
to the anus. Cramer says it is sresent in 40 per cent, of all infants ; 
but if it has not disappeared by tha tenth or twelfth year a spina bifida 
will usually be found. ^ 

The results from treatment have not been brilliant. Brickner 
collected reports of twelve operative cases up to 1918 and added five of 

14. Christopher : Internat. Abst.- Surg., p. 2, Supp. to Surg., Gynec. & Obst. 
33: July, 1921. 

15. Katzenstein : Arch. f. klin. Chir. 64:602, 1901. 

16. Guthrie: Tr. Med. Soc. London 29:399, 1895. 

17. Von Recklinghausen: Deutsch. Ztschr. f. Chir. 18:1, 1883. 

18. Cramer: Ztschr. f. orthop. Chir. 32:440, 1913. 

19. Brickner: Am. J. Med. Sc. 155:473 (April) 1918. 
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material available it wzs evident that few, hips were normal in their 
bony form either before or after treatment. An anatomically normal 
hip Avas rarely seen. There was no suggestion that these changes were 
due to rickets. P'rom the point of view of function, many cases were 
entirely satisfactory. Certain points in the anatomic structure were 
suggested as influencing the possibility of replacement and the perma- 
nence of the result. These were the obliquity of the innominate bones, 
the axis of the neck vertically and anteroposteriorly, and the inclination 
of the epiphyseal cartilage. From the results observed, it is evident that 
the very least possible violence should be employed in whatever form 
of reduction is used, since the capital epiphysis may be easily damaged, 
with resulting serious interference with its development. The com- 
mission makes a strong plea for better records as to the details of the 
reduction and the after-care. Next in interest to the great number of 
marked changes in the shape of the capital epiph)'^sis jn successfully 
reduced and, often well functioning, cases Avere the statistics as to the 
older cases. The cases of forty-six patients Avho Avere 6 years of age or 
older Avhen the reduction Avas attempted Avere studied. On the forty- 
six patients, in fourteen of Avhom the condition Avas double, seventy 
attempts at reduction had been made. TAventy-four hips remained in; 
tAventy-nine did not; one result is questionable, and six are marginal. 
Of the double cases, four reductions Avere attempted by the machine 
methods ; three of these patients have one hip in and one out. One 
has both hips in; but the head of one of the bones has almost dis- 
appeared. Of three patients manipulated on the Hibbs’ table, one 
patient has both hips in and has fair function; one double case is 
questionable on both sides, and the third patient has one hip in and 
one is questionable. One of Dr. Stern’s eleven patients has both hips 
in and good function. Of the remaining six double cases, one patient 
has one hip in and one is questionable, and Aa^c patients have both hips 
out. The statistics for these older double cases studied are surely not 
very favorable. They are better, obviously, in the older single hip 
cases. The classical Trendelenburg sign Avas found still present in 
certain of the anatomically reduced hips in AAdiich the glutei Avere Aveak, 
and it AA'^as not ahvays present in cases in Avhich there existed a true 
dislocation. It is, therefore, not an entirely dependable diagnostic sign. 

Leri has studied an hitherto undescribed familial disease to AAdiich 
he gives the name pleonostosis familiale, because of the epiphyseal 
OA'ergroAvth and premature ossification. The condition is a skeletal 
dystrophy present in a father, aged 30, a daughter, aged 4 years, and a 
son, asred 3 months. It is most CAudent in the father and least eAudent in 
the son, but the condition is pronounced, definite, and exact in each. The 
hands are short and broad and the fingers A^ery large; the arms are 


23. Leri: Bull, et mem. Soc. med. d. hop. de Paris 45:1228 (July 29) 1921. 
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[Ed. Note. — The Editors have no microscopic evidence which 
justifies them in differing from the conclusions of Allison. His careful 
work is a confirmation of the earlier work of Nichols, 2' who also 
reached the conclusion that all joint tuberculosis was primary in the 
bone. It is well to remember, however, that John Fraser and the 
Edinburgh school hold that synovial tuberculosis, especially of the 
bovine type, is often primary; and they have certain microscopic evi- 
dence to substantiate their claim. Clinically and roentgenologically, 
of course, the evidence strongly suggests, but does not scientifically 
prove, that the primary synovial form does occur, and we see no reason 
why it should not occur if primary pleural and peritoneal and teno- 
synovial tuberculosis is admitted. It is fair to conclude, however, that 
joint tuberculosis most commonly originates in the bone, and that the 
diagnosis of purely synovial tuberculosis must be made with great 
caution. We are inclined not to agree with Cole that diaphyseal tuber- 
culosis without joint involvement is so rare in this country as to be 
negligible. In the series of bone lesions studied clinically, roentgen- 
ologically, and pathologically by Lovett and Wolbach,®® there were 
several proved cases of diaphyseal tuberculosis without joint involve- 
ment, and in the type of dactylitis called spina ventosa the involvement 
is almost wholly diaphyseal.] 

Serologic Tests in Surgical Tuberculosis . — Fried and Mozer 
believe that incipient syphilis and tuberculosis may be detected by 
serologic tests long before they are clinically manifest. In sixty-eight 
tuberculous children the tests were positive in more than 70 per cent, 
when the known tuberculous process in the spine, hip, or knee was of 
less than three )'^ears’ duration, but in only about 30 per cent, when 
it had existed longer than this. In grave cases with fistulas the reaction 
existed less fre^ently. In 165 children with rickets the percentage of 
reaction was only 7.5. 

Tuberculous Spondylitis . — Treves pleads for the treatment of 
Pott’s disease in recumbency and by heliotherapy, but without the 
employment of plaster jackets. These he believes prevent chest 
expansion, cause atrophy of the back and body muscles, and actually 
lessen the efficacy of recumbency. 

[Ed. Note. — Fixed and irremovable jackets we also believe are of 
no advantage in recumbency, but the use of plaster posterior shells 
or of fixation on a Bradford frame in hyperextension would seem to 

27. Nichols: Boston M. & S. J. 141; Jan. 27, 1898. 

28. Fraser, John: Tuberculosis of Bones and Joints in Children, New \ork, 
The Macmillan Compan 3 ', 1914. 

29. Lovett and Wolbach : Surg., G 3 'nec. & Obst. 31:111 (Aug.) 1920. 

30. Fried and Mozer: Presse med. 29:436 (June 1) 1921. 

31. Treves: Bull. med. 35:197 (March) 1921. 
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Pain was the first symptom in a majority of the cases and a limp 
was almost as common. Limitation of motion is almost always present. 
Some abnormal position was present in about three fourths of the 
cases. Shortening was present on admission in 36.3 per cent., and 
lengthening in two cases. There were twenty-eight cases of luxation in 
the series of 506 cases. Abscesses occurred in 40.5 per cent. 

Roentgenographic studies showed diffuse lesions (synovial?) in 52 
cases ; isolated foci in 122, of which 60 were in the femoral head, 24 
in the neck, 30 in the acetabulum, and 8 in the trochanter. Diffuse 
foci of the head and acetabulum were present in 220. 

In the vast majority of cases treatment was nonoperative. In 
earl)'^ cases or in those with active s 3 anptoms, rest in bed with traction 
was emplo 3 '’ed. In late cases, immobilization, usually with plaster-of- 
Paris casts, was used. In case the lesion was in the upper part of the 
head or in the roof of the acetabulum, a metal staff was inserted in the 
cast, which extended below the foot, so that the weight came on it and 
with counterpressure on the tuber ischii. Researches of Sangiorgi at 
the Rizzoli Institute have demonstrated that bone destruction . and 

I 

shortening in severe cases of tuberculous coxitis, involving the superior 
part of the head or the roof of the acetabulum, and in the synovial 
forms with marked bone atrophy, are much greater in patients in whom 
weight bearing is allowed than in those in whom it is prevented. 
Forcible correction of deformities has been given up. Heliotherapy 
has been used only a little, but this is due only to lack of opportunity. 
Abscesses are treated if possible by aspiration, repeated as needed. 
G^fcerin with iodoform has been used for injections into abscesses 
with some success. In the case of fistulas, the use of Beck’s paste has 
been given up. Heliotherap 3 ^ offers the best results. The author states 
that operative treatment of tuberculous coxitis as such has been given 
up at the Rizzoli Institute, as conservatwe treatment gives better results. 
Subtrochanteric osteotomy was performed in fort 3 ^-two cases> with good 
results in thirt 3 '’-nine, and with recurrence of the deformit 3 ^ in three. 
Duration of the treatment varied from a minimum of one year to a 
maximum of twelve, with an average of from three to four years. 
Experience has taught that it is wise to maintain fixation for a long 
period after the disappearance of ever 3 '’' symptom of an acute process. 
Four hundred questionnaires were sent to patients and 276 replies were 
received. Of those replying, fort 3 ’^-nine had pain ; twenty-two had 
fistulas; 170 had shortening; 155 had rigidity (total); fift 3 ^-six had 
partial fixation; 196 had a limp; twent 3 ^-nine were dead. Of the 276 
studied, as last seen, the results were classified as follows: excellent, 
11.2 per cent.; good, 62.6 per cent.; fair, 13.7 per cent.; unchanged, 
2.1 per cent.; dead, 13 per cent. 
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reflexes in syphilitic and tuberculous disease of the vertebrae. Arm 
and chest pain may be the only signs in the upper regions, while 
epigastric pain and gastric crises may be caused by a radiculitis and 
the irritation of the splanchnic nerves at the seat of the spinal lesion. 
These referred pains have long been recognized in spinal lesions; but 
the authors do well to point out the fact that they may entirely obscure 
the local vertebral signs and may simulate very closely those of a 
gastric or duodenal ulcer or gastritis. Food often brings on the 
acute symptoms, but sodium bicarbonate gives no relief. 

Guillain and Laroche have observed such severe symptoms fol- 
lowing lumbar puncture in several cases of vertebral caries that they 
believe the method should be used with great caution as a diagnostic 
measure in probable Pott’s disease. Paralysis of the legs occurred in 
several cases. 

Hypertrophic Osteo- Arthropathy in Pulmonary Tuberculosis . — 
Corper, Cosman, Gilmore, and Black have examined the hands and 
feet of 102 patients with pulmonary tuberculosis under treatment in 
a Denver hospital. There is found a high percentage of convex nails, 
regardless of the stage of the disease, and a transverse ridging is more 
common and marked than in normal persons. Hypertrophy of the soft 
tissues at the tips of the fingers and toes, which is rarely found in 
so-called normal persons, is common in the consumptive. Bone hyper- 
trophy seen at the tips of the distal phalanges and as periosteal thicken- 
ing of the shafts of the phalanges and metacarpals and tarsals, may 
occasionally be found in so-called normal persons ; but it is common to 
a pronounced degree in active cases of pulmonary tuberculosis. 

SYPHILIS 

Experimental Syphilis in Rabbits. — Brown, Pearce, and Witherbee^® 
have been studying the affections of bone, cartilage, tendons, and 
synovial membranes in rabbits experimentally inoculated with suitable 
strains of Spirochaeta pallida. It was found that syphilis of the skeletal 
system of rabbits was a very characteristic thing and might combine 
features of both the acquired and the inherited form in man. The 
conditions are not identical, but contain many fundamental char- 
acteristics, thereby affording, in the experimental form, opportunities 
for the study of lesions of the skeletal system. The parts of the animal 
involved, in order of their frequency, were the facial and cranial bones 
and cartilages, the feet and leg bones, the tendons and joints, the 

38. Guillain and Laroche: Bull, et mem. Soc. med. d. hop. de Pans 45:794 

(May 27) 1921. , . ^ 

39. Corper, Cosman, Gilmore and Black: Am. Rev. Tuberculosis 5.S^/ 

40. ^ Brown. Pearce and Witherbee: J. E.Niper. Med. 33:495 (April) 1921. 
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five there was a histor}^ of a difficult or operative delivery. Dislocations 
of the shoulder were noted in thirteen cases; but the incidence of this 
condition was much greater in the age group above 2 years, from whicli 
he argues that Turner Thomas’s theory of primary shoulder disloca- 
tion with laceration of the capsule and resultant axillary inflammation 
as the etiology of the lesion is not borne .out. Treatment (presumably 
nonoperative) was attended by great improvement in function, espe- 
cially in the early cases. Fifty-six cases of traumatic brachial paralysis 
were studied ; twenty-three of these were produced by trauma to the 
shoulder and neck without fracture; twelve were associated with frac- 
ture or dislocation of the humerus or clavicle ; thirteen were caused by 
belt injuries ; eight by gunshot or stab wounds. Twenty-five of these 
patients were operated on; and exploration of the plexus usually 
revealed laceration of the nerve roots close to the intervertebral canal, 
with such wide involvement in scar tissue that it was only rarely possible 
to resect and anastomose. Fourteen of the twenty-five operations were 
failures. Eleven patients were improved to approximately 40 per cent, 
of function. Thirty-one of the patients were treated without opera- 
tion, and only four showed little or no improvement. Twenty-six 
regained at least 45 per cent, of function. Failure, therefore, resulted in 
58 per cent, of the cases in which operation was performed and in 
15 per cent, of the cases in which operation was not performed. Adson 
also presents a preliminary report on experimental tears of the brachial 
plexus produced on cadavers soon after death. He concludes that while 
production of complete laceration or avulsion is difficult, it is possible, 
and, depending on the manner in which the force is applied, may affect 
the upper or lower portion of the plexus with avulsion of the sym- 
pathetic ganglion. Owing to the proximity of these lacerations to the 
intervertebral canal, operative repair is very difficult. He believes that 
many of the brachial palsies are due to lacerations of the cervical fascia, 
epineurium, perineurium, fasciculi, and blood vessels, rather than to 
complete tears or avulsions of the nerve cords themselves. 

Maragliano,^® after discussing the various theories of etiology of 
obstetric paralysis, concludes that the usual cause is injury to the plexus. 
The treatment which he has employed of fixing the arm in abduction, 
external rotation, flexion of the elbow, and extension of the wrist and 
fingers has been most successful. 

Poliomyelitis . — Peabody reports the results of the study, by the 
Harvard Infantile Paralysis Commission, of the treatment of poliomye- 
litis by serum injection in the epidemics of 1916 and 1920. In forty- 
three cases in which the diagnosis was confirmed by lumbar puncture, 
but in which no serum was employed, 65 per cent, did not develop any 


46. Maragliano: Chir. d. org. di movimento 5:32 (Feb.) 1921. 

47. Peabod}': Boston M. & S. J. 185:174 (Aug. 11) 1921. 
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dissociation should be mastered. (2) Bony deformity must be corrected 
before transplantation operations. (3) Synergists should be favored 
for transplantation. (4) Transplantations of a complex nature should 
be avoided. (5) In extensive paralysis it may be advisable to perform 
an arthrodesis of one or more proximal joints before transplantations 
are undertaken for the peripheral portions of the limb. (6) The gliding 
mechanism must be preserved if possible. (7) The tendons must be 
sutured under adequate tension. 

Rugh reviews the history of surgery in its attempts to correct 
the deformities of poliomyelitis. The tenotomy of Stromeyer in 1831, 
the arthrodesis of Albert in 1878, and the astragalectomy of Whitman, 
he considers the only methods which have survived unchanged. He 
believes that the use of silk and fascia as ligaments has failed. Only 
simple tendon transplantations are advocated. Muscle intelligence and 
muscle sense must be acquired before the transplanted muscle can 
fulfil its new function. 

Hannah reports an unusual type of acute infantile paralysis. 
There was absence of fever, headache, pain, and convulsions, and the 
presence of a hemiplegic type of paralysis with facial involvement. 

[Ed. Note. — A few similar cases have come under the Editors’ 
cognizance during severe epidemics of poliomyelitis.] 

Report of Conunission on Stabilising Operations for the Foot in 
Cases of Poliomyelitis. — The Commission appointed by the American 
Orthopedic Association to review the results of the different stabilizing 
operations for paralytic deformities of the foot made the following 
report (A. G. Cook, chairman, and W. G. Stern‘s®) ; 1. The use of 

metal plates, wires, screws, nails, etc., silk ligatures, and bone grafts is 
objectionable or unreliable. 2. Excellent results in cases of lateral 
instability have been obtained by arthrodesis. The best results may 
be expected to follow the triple arthrodesis of Ryerson or the sub- 
astragaloid arthrodesis of Davis. Arthrodesis of the ankle joint is 
rarely indicated. 3. Astragalectomy with backward displacement of 
the foot after the method of Whitman, first for calcaneovalgus, second, 
for dangle feet, third, for lateral deformity, gives by far the best results. 
4. Horizontal transverse tarsectomy after the method of Davis gives 
by and large less perfect results than astragalectomy and is a more 
difficult, bloody, and less surgical procedure. 5. The use of living liga- 
ments after the methods of Gallic, Putti, Peckham, and others has 
afforded isolated successes, but as a general rule has not been satis- 
factory. 6. Failures following tendon transplantation were common, 
and the commission believes that the main use of tendon transplanta- 
tion is as an adjuvant to a stabilizing operation. 

51. Rugh; Ann. Surg. 74:61 (July) 1921. 

52. Hannah; Med. Rec. 100:364 (Aug. 27) 1921. 

53. Stern: J. Orthop. Surg. 3:444 (Sept.) 1921. 
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[Ed. Note. — If the bite of the wood-tick has been definitely proved 
to cause a type of motor paralysis without any cerebral disturbance, it 
seems to us that it should greatly stimulate the further search for some 
agent, especially some insect agent, which may be responsible for the 
epidemics and sporadic cases of poliomyelitis. The woodTick paralysis 
is usually transitory, but, according to the Harvard Commission, in 
65 per cent, of the undoubted cases of poliomyelitis the patients 
recover without permanent paralysis. According to McCornack, the 
wood-tick paralysis may go on to respiratory paralysis and death in 
certain cases if the tick is not removed. Again the analogy is sug- 
gestive. The mud hornet, according to Shurtlefif (private communi- 
cation), makes sure that its hatching larvae shall have fresh meat by 
stinging a spider, which becomes completely paralyzed. He- is placed 
by the thoughtful parent at the bottom of the larvae’s mud hole and 
there he continues to live, unable to escape until the hatching larvae 
are ready to devour him. There is much to suggest other than human 
carriers of poliom 3 '^elitis. An epidermiologist and an entomologist might 
perhaps be very helpful partners in such a search.] 

ARTHRITIS 

Pemberton has published another excellent article on the subject 
of arthritis. It is limited to a statement of the principles on which the 
dietary treatment rests and is replete with words of caution against the 
indiscriminate use of this method, which will end by bringing it into 
disrepute without real trial. The observations on which the dietary 
treatment is based are certain altered metabolic factors seen in arthritis. 
These are chiefly a high blood creatin, which tends to disappear as 
the patients improve, and a lowered sugar tolerance, which occurs in 
direct relation to the severity of the arthritis and grows less or dis- 
appears as convalescence proceeds. The lowered sugar tolerance is not 
specific for arthritis and should be interpreted only as reflecting part 
of the underlying pathology of this disease, which from experimental 
studies apparently consists in an interference with the respiratory func- 
tions of the circulatory blood. The sugar tolerance returns to normal 
most abruptly after the removal of causative foci of infection. Dietary 
restrictions cater to this weakened function, probably an oxidative func- 
tion, dislocated in most cases by some inflammatory process, usually in 
the form of focal infection. Following on a chronic focus of infection, 
however, there may be a more or less permanent dislocation of normal 
physiology, as illustrated by the lowered sugar tolerance, such that 
removal of the focus is not sufficient to restore it; and this explains 
the frequent disappointing results following eradication. A pre- 
ponderating number of patients with chronic arthritis, if placed on n 


55. Pemberton; Am. J. M. Sc. 161:517 (-A.pril) 1921. 
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The contraindications are that in alcoholic patients, delirium may be 
caused, and in pregnant women there is danger of abortion. High 
blood pressure is also a contraindication as is also a history of anaphy- 
laxis. The average dosage is 250 million. Larger doses make the reac- 
tion uncertain, if not dangerous. There was no evidence to suggest that 
intravenous injections had any untoward effect on the heart or kidneys; 
In the series mentioned above Betz states that other forms of treat- 
ment have been tried and found unavailing. 

[Ed. Note. — Our personal experience in the past in a few cases of 
the more chronic type has not been encouraging. The conflicting reports 
and the temporary discomfort to the patients would seem to emphasize 
the necessity of further careful work before any general employment of 
the method is undertaken.] 

Influenzal Arthritis . — Roello reports two cases of purulent arth- 
ritis in infants following influenza, one in the shoulder joint in an 
infant of 13 months, and one in the hip of a child of 3 years. The 
shoulder was opened early and pus containing typical lanceolate gram- 
positive diplococci was found. Perfect motion was obtained eventually. 
The hip joint was not operated on early, but discharged of itself. A 
redislocation occurred and acetabular changes made it impossible to 
reduce it. Early arthrotomy in suppurative joints of this etiology would 
seem advisable. 

Gonococcal Arthritis . — After a careful study of 100 cases of gono- 
coccal arthritis seen in the Bellevue Hospital in New York, in which 
treatment by different comparative methods was instituted, Lowsley’s 
views on treatment are as follows : In the acute cases he advises rest 
in bed and massive doses of gonococcal vaccine, which allays pain in 
many instances ; the joint should be completely immobilized for two 
weeks and then the splint removed for daily mobilization and phy- 
siotherapeutic measures. If the seminal vesicles are distended with pus 
which cannot be emptied by stripping, excision is to be advised and 
may be expected greatly to benefit the condition. Lowsley believes 
that possibly the operation might be wisely performed in the early 
stages of a gonococcal arthritis. After the acute joint symptoms have 
subsided, the seminal vesicles and prostate should be treated until they 
are cured ; otherwise a slumbering volcano exists. 

Cunningham^® believes that the importance of chronic infection of 
the prostate and vesicles as a source of infection in chronic arthritis 
is not sufficiently recognized. The gonococci may have died out and 
left in their wake p 3 '^ogenic cocci. Cunningham has been impressed 
with the poor results of nonoperative treatment, estimating the failure 


57. Roello: Riforma med. 37:654 (July 9) 1921. 

58. Lowsley: New York M. J. 113:641 (May 4) 1921. 

59. Cunningham: Surg., Gynec. & Obst. 32:501 (June) 1921. 
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is low and an anemia exists. The excess may be eliminated in time 
by a freshet through the kidneys. The most common disturbances in 
oxalemia are gastro-intestinal and urinary, owing to the injury caused 
by the elimination of the crystals of calcium oxalate. The bones may 
become porous from loss of calcium. Rhubarb, chocolate, the purins, 
and nucleins should be eliminated from the diet. Phosphorus for its 
remineralizing action and magnesium preparations as antidotes for the 
oxalic acid should be administered. 

Trite Gout. — In^an editorial in the Journal of the American Medical 
Association^^ the problem of gout is discussed. Thannhauser and 
Czoniczer have shown that it is not faulty metabolism of the precursors 
of uric acid in the blood that leads to gout. The view is generally held 
that the human organism is virtually incapable of destroying uric acid, 
so that failure to destroy can play no part in the etiolog}'. It seems a 
fundamental fact that the kidneys rather than the tissues, or faulty 
metabolism, are a prime factor. Interest remains centered, therefore, 
on the problem of elimination. 

BOOK REVIEW 

GOUT : With a Section on Ocular Disease in the Gouty by W. M. Beaumont. 

By Llewellyn Jones Llewellyn. Cloth, $7.50. Pp. 469, with one illus- 
tration. St. Louis ; C. V. Mosby Company, 1921. 

This large octavo of 469 pages is more likely to terrify than to attract the 
busy physician, particularly in America, where gout is a rare disease. Never- 
theless, a perusal from cover to cover will prove of value to those desiring a 
comprehensive survey of the subject. The author, who holds the position of 
governor and senior physician at the Royal Mineral Water Hospital at Bath, 
writes in a delightful style and from a background of rich clinical experience. 
He has not spared himself in searching the literature, both ancient and modern. 
Particularly to be commended are the chapters oh the metabolism of proteins, 
nucleins, and uric acid. One feels that the chapters on therapeutics are tinged 
b\' his own experience with spa treatment. His conclusions that gout is due 
to inherent metabolic defects and that the acute paroxysms are the result of 
bacterial invasion from foci of infection may not be accepted by all ; but no 
one can disagree with the statement that neither the purely chemical nor the 
physical theory is alone sufficient to explain the phenomena of the disease 
at present. 

RETROCAECANEAN BURSITIS 

This annoying aft'ection of the bursa between the insertion of the 
Achilles tendon and the tuberosity of the os calcis may be caused by 
too short shoes or by an infection. There is local tenderness and swell- 
ing. The application of high heels may avert surgical intervention. 
Nielson reports a rapid cure as a result of this simple expedient. 

63. The Problem of Gout, Editorial, J. A. M. A. 76:1578 (June 4) 1921. 

64. Nielson, A. L. : Diagnostic and Therapeutic Point in Retrocalcanean 
Bursitis, J. A. M. .A. 77:463 (Aug. 6) 1921. 
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cause in the spontaneous cases or as the result of the administration of 
cod liver oil, the normal calcium phosphorus balance becomes restored. 
The finding of a low content of inorganic phosphorus in the serum of a 
young child, for example, 3 mg., or less, per hundred c.c., would seem 
to indicate active rickets. 

McCollum, Simmons, Shipley, and Park have shown experi- 
mentally that in the rat, faulty rations containing 2 per cent, of added 
calcium carbonate give rise to pathologic conditions in the skeleton 
essentially identical' with those found in human rickets. The cartilage 
undergoes degenerative and metaplastic changes and fails to take up 
calcium phosphate with any regularity. These rachitic changes occur 
when there is disturbance in the optimal ratio between calcium and 
phosphorus in the absence of an organic substance, supplied, for 
example, by sufficient quantities of cod liver oil. So far as calcium 
and phosphorus are concerned, the experiments seem to show that the 
physiologic relation between the two is of infinitely greater importance 
in insuring normal calcification than the absolute amount of the salts 
themselves. 

Sherman and Pappenheimer reach almost the same conclusions as 
a result of dietary experiments in white rats. They say that while in 
their experiments the addition of potassium phosphate to the diet 
increased the assimilation and normal deposition of calcium, it may be 
the quantitative relationship between the inorganic ions rather than the 
actual deficiency of any one of them which was the determining factor 
in the cause or prevention of rickets. 

Hess and Unger report that by the ultraviolet ray they are able 
to bring about a cure of rickets, and in the paper here reviewed they 
state that marked improvement, as shown by muscle tone, roentgen- 
ologic examination, and general condition, has resulted from direct 
exposure to the sun’s rays. Even relatively short exposures, for 
example, those of 25 degrees, in two weeks showed definite results. 

[Ed. Note. — The problem of rickets seems suddenly to be nearer 
solution than ever before. The restoration of the normal calcium 
phosphorus balance seems to be the essential chemical factor in bringing 
about a recovery, and various internal medications seem capable of 
restoring this balance. The striking curative effect which certain forms 
of radiation produce is quite startling. Park’s last paper, read before 
the National Association for Child Hygiene, confirms the curative effect 

68. McCollum, Simmons, Shipley and Park: J. Biol. Chem. 47:507 (Aug.) 
1921. 

69 Sherman and Pappenheimer: J. Exper. Med. 34:189 (Aug.) 1921. 

70. Hess, A. F., and Unger, L. J.: The Cure of Infantile Rickets by Sun- 
light. J. A. M. A. 77:39 (July 3) 1921. 
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head of the femur. The hip was immobilized in a plaster spica for two 
months and a roentgenogram at the end of five and three-fourth months 
showed the defect entirely filled up with new bone and the size of the 
bony center slightly greater than before operation. Phemister con- 
siders that the operative and pathologic findings point strongly to an 
infectious nature of the disease. It is a common experience to obtain 
negative cultures in cases of mild localized osteitis of long duration. 
The center of ossification is surrounded by cartilage, and as Calve 
points out may not be easily penetrated and keeps the infection localized. 
After some months, the infection may penetrate the narrower epiphyseal 
line and produces the changes in the neck which have been often 
noted. Cartilage is not penetrated by nerve fibers and the center of 
ossification is without nerve supply, which explains the common 
absence of pain. Legg and Kidner have both reported cases in which 
the epiph 3 rseal line had been perforated and a broken down process 
was curetted from the adjacent neck, the culture showing staphylo- 
coccus. 

Osteitis Fibrosa . — Bryan reports an instructive case of osteitis 
fibrosa in a child of 10. A pathologic fracture of the humerus had 
occurred and the entire diseased section of the humerus, 4 inches (10.2 
cm.) long, was excised. A boiled beef bone graft, 5 inches (12.7 cm.) 
long, seven-eighths inch (22.2 mm.) wide, and one-third inch (8.5 mm.) 
thick, drilled with holes in the ends and sides, was inserted and healed 
perfectly with ingrowth of new bone. The roentgenogram showed a 
rarefied and expanded area in the upper third of the humerus. The 
pathologic report was : “The continuity of the bone shaft is lost in an 
irregular mass of new tissue, which is pink in color, of great firmness, 
and not very vascular. This tissue occludes the medullary cavity and 
no cysts are present. Histologically, the mass consists chiefly of firm 
fibrous tissue in which there are very few blood vessels. In some 
parts a more cellular growth is found consisting chiefly of spindle 
shaped cells. The transition from spindle shaped cells to firm fibrous 
tissue can be observed in the section. With the spindle cells are many 
multinuclear giant cells, but their character does not suggest malig- 
nancy.” 

FOOT strain; posture: scoliosis 

Mechanism of Human Foot in Walking . — Gibson suggests that the 
term arches of the foot is really not descriptive, for an arch is a struc- 
ture which remains in a fixed position. The kinetic mechanism of the 
foot is really a series of springs: a short hard spring on the lateral 
aspect of the foot, and a long flexible spring on the mesial aspect of 


75. Bryan: Lancet 1:129 (May 28) 1921. 

76. Gibson: J. Orthop. Surg. 3:188 (May) 1921. 
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a normal standard of trunk shape and carriage. Easily tired backs 
should be rested, backs with weak muscles should be strengthened, and 
stiff portions of the spine should be made flexible. His conclusions 
from his wide experience are that flexible curves without structural 
changes in healthy patients can be restored to normal, even when some 
abnormal stiffness is present. Fixed rotary curves require energetic 
measures if improvement is to be expected, even in young children. 
He does not consider it a difficult task, as a rule, to prevent the increase 
of the curvature in healthy adolescents if careful treatment can be 
carried out for a long period. 

SURGERY OF THE PERIPHERAL NERVES 

Worster-Drought believes that injuries to the posterior tibial 
•nerve are frequently overlooked because they cause no striking paraly- 
sis. The movements at the ankle are normal ; and if the lesion lies 
below the origin of the nerves to the flexor longus hallucis and flexor 
longus digitorum, the power of flexing the toes remains. Loss of sensa- 
tion in the plantar region and loss of power in the intrinsic muscles of 
the foot are signs of posterior tibial nerve lesion. These diagnostic 
signs should be borne in mind in all wounds of the calf followed by pain 
and weakness in the foot. Babcock and Bower report end-results 
of 60S cases of peripheral nerve injury. They performed three types 
of operation: (1) simple neurolysis, that is, freeing the nerve and 
splitting the sheath to determine the condition of the contained bundles, 
the tests for conductivity being made with a small faradic coil; (2) 
hersage, consisting of freely but carefully splitting the trunk in a num- 
ber of longitudinal planes if the interior of the nerve was found to be 
fibrous or cicatricial. If no nerve fibers were seen, these incisions were 
continued until the undamaged portions of the nerve were connected 
b)'- multiple fine fibrous fibrils. There were 169 such cases and only 
twenty-five, or 14 per cent., showed no improvement. One patient was 
made worse. (3) Suture, the ends of the divided nerves being trimmed 
with a sharp razor blade until well formed nerve bundles were shown, 
and then ver}'^ accurate approximation was obtained by finest black 
silk sutures. Of 182 sutures, only eight showed failure of regeneration 
and in all of these some mechanical feature was found to account for 
the lack of regeneration. Large gaps were treated by extensive freeing 
of the nerves, transposition and flexion of the neighboring joints. 

[Ed. Note. — We gain the impression from this article that the 
results reported are much more favorable than those which other well 
qualified surgeons have been able to attain. Drs. Babcock and Bower 
owe it to the profession to present a still more detailed account of 

81. Worster-Drought : Brain 44:54 (April) 1921. 

82. Babcock and Bower; Pennsylvania M. J. 24:533 (April) 1921. 
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added inch to the median, ulnar, musculospiral, and musculocutaneous. 
Flexion of the elbow gains 2 inches (5 cm.) for the median and 1 inch 
(2.5 cm.) for the musculospiral. Extension of the elbow gains 1 inch 
(2.5 cm.) for the ulnar. Flexion of the wrist gains 1% inches (3.8 
cm.) for the median and ulnar in the forearm. Flexion of the knees 
gains about 2 inches (5 cm.) to the sciatic and popliteals. (3) By 
altering the course of the nerve — ^transposition; for the ulnar, two- 
thirds inch (17 mm.) may be gained by this method, and an inch (2.5 
cm.) for the musculospiral. (4) By stripping up any anchoring 
branches ; extra stretch can be gained in this manner for the musculo- 
spiral, median, ulnar, sciatic, internal popliteal, and posterior tibial. 
The external popliteal and posterior interosseous do not lend them- 
selves to this expedient. (5) Sacrificing branches above the lesion and 
compensating for the motor disturbance later by tendon transplantation 
are sometimes justifiable. The median has been thus lengthened 6^/2 
inches (16.5 cm.). (6) In ununited fractures the shortening of the 

bones is often helpful. (7) Two-stage operations often gain from 2 to 
3 inches (5 to 7.6 cm.). Of eleven cases thus lengthened there have 
been signs of beginning return in nearly all and in two definite sensory 
and motor return though not absolutely complete. 

Ney®® prefers local anesthesia for nerve operations after a wide 
experience. Identification sutures he believes greatly aid in preventing 
torsion. He considers transposition of the ulnar and musculospiral 
anteriorly and transposition of the median to a position superficial to 
the superficial head of the pronator radii teres valuable aids in gaining 
length. The muscular branches must be mobilized intraneurally in 
order to be able to do this. If in addition flexion relaxation of joints 
and two-stage operations are employed, the necessity for nerve bridging 
practically never occurs. 

OSTEOMYELITIS 

Acute Osteomyelitis of Long Bones in Children . — Mitchell divides 
acute osteom 3 ^elitis of the long bones in children into three types: (1) 
localized infection at the end of a long bone with a comparatively long 
history and no severe general infection (Brodie’s abscess?). Treat- 
ment by removal of all bone denuded of- periosteum will allow for 
drainage of the medulla, which should not be curetted. (2) A short 
history of trouble, twenty-four hours or less, severe general infection 
with strictly localized exquisite tenderness on pressure at one end of the 
shaft. Treatment by incision will often reveal no pus, but the peri- 
osteum will be found beginning to separate over a small area. The 
bone should be opened freely and usually a little pus will be delected. 


85. Ney: Ann. Surg. 74:37 (July) 1921. 

86. Mitchell: Brit. M. J. 1:807 (June 4) 1921. 
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Osteomyelitis Following War Injuries. — Stephens,®^ reporting on 
work at a Public Health Service hospital, found 35 per cent, of the 
cases to consist of an osteomyelitis following war wounds. This 
osteomyelitis is extremely chronic and it is almost impossible to 
determine when a case is cured. This emphasizes the importance of 
efficient early treatment. In these chronic cases operative treatment is 
almost alwa 3 ^s indicated. All remaining foreign bodies and sequestrums 
should be removed and disinfection should be attempted. When this 
has been accomplished, the cavity should be obliterated by filling the 
space Avith overlying soft parts or a muscle flap. Conservative rather 
than radical treatment should be employed. 

Wood®® also has become convinced that the pedicle muscle flap is 
the most efficient plug. It is living, with its own blood and often nerve 
supply. It acts as a hemostat and is able to resist low degrees of 
infection. 

Hedri ®° reports surprisingly satis factor}'^ results in closing osteomye- 
litic bone cavities by the method of Payr of Leipzig. A large flap of 
skin and subcutaneous tissue is planned with a proximal pedicle. A 
smaller muscle flap is fashioned with a distal or lateral pedicle. Lift- 
ing this flap, the bone cavity is exposed and thoroughly cleaned out 
and wiped with Lugol’s solution. The muscle flap is immediately 
turned in and the skin flap sutured in place over it. In eight cases 
permanent healing was primary and in six it was secondary, but with 
no sinus. Two cases healed with a sinus which closed in three months. 
Six patients are still in the ward, but all cases bid fair to heal without 
a sinus Avithin six Aveeks after the operation. The roentgenograms 
shoAV an obliteration of the cavity after six months. 

Subacute Osteomyelitis of the Spine. — Kidner presents three cases 
of spinal lesion which he believes represent Ioav grade pyogenic infec- 
tions similar to the Legg-CaLe disease of the hip. The localization of 
the disease in a small area of bone, the slight tendency to collapse, the 
neAV bone formation, and the tendency to recovery make Kidner believe 
that Ave are dealing with a staph)dococcus of Ioav vitality. Early oper- 
atiA'^e fixation of the diseased area apparently brings about a speedy cure. 

Pathogenesis of Osteomyelitis. — Hobo®- demonstrates in a hand- 
somely illustrated article that bacteria tend to accumulate at the points 
of sluggish floAv of the blood stream. This occurs most frequently in 
the A^enous capillaries of the bone marroAV, liver, and spleen. The 

88. Stephens: J. Orthop. Surg. 3:138 (April) 1921. 

89. Wood: Brit. J. Surg. 8:460 (April) 1921. 

90. Hedri: Zentralbl. f. Chir. 48:698 (May 21) 1921. 

91. Kidner: J. Orthop. Surg. 3:459 (Sept.) 1921. 

92. Hobo: Acta scholae med. univ. imp.. Kioto 4:1 (March) 1921. 
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and able to resume wage earning occupations the disease has been 
classified as arrested or cured. Exactly 50 per cent, of these 132 cases 
were thus classified. Of the patients 21.99 per cent, were improved; 
16.66 per cent, were unimproved; 9.09 per cent, died later of dis- 
seminated tuberculosis, and there was a 2.26 per cent, operative 
mortality. Only 2.4 per cent, had postoperative infection. Occasional 
complications were: loss of graft, two cases; fracture of the graft, four 
cases ; loosening of one end of the graft ; ulceration oyer the prominence 
of a large kyphos. 

Two hundred and forty-seven patients were operated on for delayed 
union, nonunion, and other conditions, and more than half of these 
had been previously operated on elsewhere. Fifty-nine of them had 
been infected and in many there was much scar tissue and the skin 
was often adherent to bone. Two hundred and twenty-three of the 
patients have been traced, and on these 176 operations had been per- 
formed. Of these operations, 72.16 per cent, were successful, 85 per 
cent, of the tibia cases, 50 per cent, of the femur cases, and 60 per 
cent, of the humerus cases. There were four deaths. In 247 operations, 
there was infection following 15.7 per cent, of the operations; in 9.9 
per cent, of the clean cases, and in 41.3 per cent, of the previously 
infected cases. The method which Henderson now employs is the 
inlay graft, fastened in place with bone screws. He has abandoned 
the use of the intramedullary transplant because of the poor results. 

Loose Bodies in Joints. — Fisher®' in a Hunterian Lecture before 
the Royal College of Surgeons, England, has made a very complete 
study of loose bodies composed of cartilage or of cartilage and bone 
occurring in joints, with special reference to their pathology and 
etiology. He reminds us that Sir James Paget’s theory of “quiet 
necrosis or osteochondritis dessicans” has been interpreted by American 
authors as a dissecting process and called “dissecans.” Under the 
pathology and s)miptomatology, he makes three groups of bodies: (1) 
Those occurring in connection with some more or less general pathologic 
process, for example, osteo-arthritis, tabes, tuberculosis, or infection. 
(2) Loose bodies formed from a detachment of a portion of the 
articular cartilage in otherwise normal joints. Proliferative changes in 
these loose bodies take place when they are incompletely detached or 
form reattachments. (3) Synovial chondromas. Etiologically, he 
believes the second group represents true traumatic detachments. 
Pathologically, he believes that clinically and experimentally the cell.s 
retain their vitality and after a time actually proliferate. He is con- 
vinced of this in spite of Redfern’s dictum that cartilage cells are 
destitute of the power of repair. The nutrition of articular cartilage 


97. Fisher; Brit. J. Surg. 8:493 (April) 1921. 
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plaster with distal traction. Hot air treatment is begun as soon as- the 
wounds are closed. Painless mobilization is begun on the tenth day, 
but traction is maintained for a month. In Putti’s series the highest 
percentage of successful results has been obtained in the elbow, the next 
highest in the knee, the third in the jaw, and the fourth in the hip. 
There were two operative fatalities. 

Campbell reports the results of twenty arthroplastic operations on 
the knee, in which he has employed pedunculated flaps, free fascia, and 
absorbable membranes. In four cases the membrane was extruded. 
In three the failure was, in Campbell’s opinion, due to the dense low 
grade osteomyelitic bone through which the operation was performed. 
Of the remaining thirteen patients, nine obtained some voluntary 
motion, in four of these not sufficient to be of practical use, but in 
five enough to provide satisfactor}? function, making the successes in 
his series 25 per cent. 

Typhoid Bone and Joint Disease. — Wilson reports a case of 
typhoid osteitis from which cultures both from swab and from removed 
bone showed a growth of pure Bacillus typhosus. The Carrel technic 
was instituted for four da)^s and then secondary suture was successfully 
accomplished. 

Bureau and Marchand illustrate the fact that typhoid bone lesions 
may become appreciable only long after the acute disease is over, by 
the case of a woman in whom spinal suppuration did not develop until 
seventeen months after the fever. This continued at intervals for two- 
3 ^ears and was finally arrested, they believe, by autogenous typhoid 
vaccine treatment. 

Sicard and Robineau also report seven cases of typhoid bone 
lesion in which recovery was, in their opinion, greatly accelerated by 
vaccine treatment. They believe that the combination of surgical treat- 
ment with autogenous vaccine therap}'^ is usually promptly effective. 
They say that Rathery has obtained great benefit, especially in typhoidal 
spondylitis, from injection of antityphoid serum directly into the focus- 
of disease. 

Rupture of Biceps Cubiti Tendon at Insertion. — Nutt describes- 
an unusual case of rupture of the biceps tendon at its insertion into the 
radius. This occurred during gymnastic exercises and was accompanied 
by so little pain that the patient continued his exercise. Noting a 

99. Campbell: J. Orthop. Surg. 3:430 (Sept.) 1921. 

100. Wilson: Boston M. & S. J. 185:201 (Aug. 18) 1921. 

101. Bureau and Marchand: Bull. med.. Paris 35:511 (June 18) 1921. 

102. Sicard and Robineau: Bull, et mem. Soc. med. d. hop. de Paris 45. 
465 (April 8) 1921. 

103. Nutt, J. J. : Rupture of the Tendon of Insertion of the Biceps Plexor 
Cubiti, J. A. M. A. 76:1825 (June 25) 1921. 
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filled with healthy cancellous bone chips removed during the course of 
the operation. The deflected outer leaf of the ilium is then brought 
into position and sutured along the crest to the inner leaf of the ilium, 
which has been allowed to remain standing. In several cases the inner 
leaf was broken off toward the medial side; but in perfecting the 
technic of the operation on the cadaver, it was found that the inner 
leaf could be left standing without adding to the difficulties of the 
operation. 

Smith-Petersen describes a new method of approach to the sacro- 
iliac joint for purposes of arthrodesis in tuberculosis and chronic 
relaxation and for drainage in osteomyelitis. A curved incision is made 
along the iliac crest, from the posterior superior spine forward to about 
two thirds of the distance to the anterior superior spine, and carried 
down to the bone. Subperiosteal reflexion of the flap is started. 
The incision is next continued from the posterior superior spine down- 
ward in the direction of the fibers of the gluteus maximus for 3 or 
4 inches (7.6 or 10.2 cm.). The fibers of the gluteus maximus are 
separated by blunt dissection down to the bone; some of the Tranches 
of the superior gluteal nerve and artery are encountered and must be 
divided. The whole flap thus outlined is reflected subperiosteally, 
exposing the posterior portion of the lateral surface of the ilium. If 
the sacro.-iliac joint is projected on the lateral surface of the ilium, 
it will be found that the inferior border corresponds with the' sacro- 
sciatic notch and the anterior border with the median gluteal line. A 
rectangular window is then cut through the ilium within the projected 
area of the joint. In the tuberculous cases it is made about in the 
center of the joint surface and in the osteomyelitic cases parallel with, 
and close to, the sacrosciatic notch. Roughly, its size is usually 4 by 
2 cm. The thickness of the ilium just above the sacrosciatic notch is 
considerable, sometimes 2 cm. -)- ; but if care is taken, the plug of bone 
comprising the window can be removed en bloc and the joint surface 
is exposed. In cases of tuberculosis, the surface of the joint is curetted 
and all available tuberculous tissue removed ; the window is continued 
into the sacrum, and the plug of bone cut in these cases on a slight 
bevel driven into it and set like a nail beneath the surface of the ilium. 
He reports seven successful cases of tuberculosis of the joint in the 
last three years, apparently firmly arthrodesed with the disease arrested, 
and six cases of relaxation of the joint, three successful end-results 
and three recent but apparently successful cases. 

[Ed. Note. — These new approaches of Gaenslen and Smith- 
Petersen to the sacro-iliac joint seem to us to represent real advances 
in bone and joint surgery. Heretofore, the only approach of which we 


107. Smith-Petersen; T. Orthop. Surg. 3:400 (Aug.) 1921. 
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a bowing of the fragments in spite of very heavy traction. The opera- 
tion has not been without shock and the convalescence has been stormy. 
There are many cases which would be benefited by such a lengthening, 
and if Putti’s apparatus proves successful in other hands it will have 
a considerable range of usefulness.] 

Arthrotomy of the Knee . — Putti describes the details of the 

method of approach to the knee joint which he now employs in 
arthroplastic operations and for purposes of resection : First, a U-shaped 
incision with base downward, extending from the inner part of the 
articular space upward around the patella to the outer part of the 
articular space. From the convex part of the incision a second one is 
made upward for 5 or 6 cm. following the lateral margin of the quad- 
riceps ligament. This incision includes the skin, the subcutaneous tissue, 
and the superficial fascia. Second, isolation of the extensor apparatus. 
The tendinous insertions of the two vasti are separated from the quad- 
riceps tendon and from the patella. These two incisions are carried in 
depth to the articular space. Third, plastic tenotomy of the quadriceps 
tendon. For this he makes use of what is practically two Z-shaped 
tenotomies side by side, each of half the tendon which has been bisected 
longitudinally. Fourth, freeing and reflecting downward of the patellar 
flap, giving a complete view of the articular cavity. Fifth, hemostasis. 
Sixth, reconstruction. The two flaps of the tenoplasty of the quadriceps 
tendon are sutured at whatever tension is desired, his method of sec- 
tion making it possible to elongate the tendon as much as is desired, and 
then the two lateral flaps of the vasti and the capsule at the sides of 
the patella are sutured to the reconstructed quadriceps tendon and to 
the patella. 

Putti also describes his operative method of overcoming flexor 
contraction of the knee. In certain cases of flexion contracture of the 
knee, it is impossible to straighten the knee even after lengthening the 
tendons, on account of the contracture of the posterior part of the 
capsule. In such cases Putti divides the capsule in the following 
manner. It first should be understood that the popliteal part of the 
capsule is made up of two firm bands or infundibuli, one medial and 
one lateral, and an intermediate fibrous septum. For approaching the 
capsule Putti uses a median vertical incision through the skin and super- 
ficial fascia and exposes the layer of fat which contains the internal 
popliteal nerve and lateral^, partly hidden by the biceps, the external 
popliteal nerve. Plastic lengthenings of the flexor tendons are then 
done after which retractors are used to expose the underlying capsule. 
The capsule over the external condyle is first exposed and divided by 

111. Putti: Chir. d. org. di movimento 5:1 (Feb.) 1921. 

112. Putti: Chir. d. org. di movimento 5:11 (Feb.) 1921. 
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Nuzzi has employed with satisfaction an approach to the tibio- 
astragaloid and subastragaloid joint through the Achilles tendon. His 
skin incision is curved, with the convexity proximal from the outer to 
the inner malleolus, and an extension upward vertically from the 
center of the convexity. The Achilles tendon thus exposed is divided 
by a Z-shaped cut; and by. deeper dissection the posterior portion of 
the astragalus is exposed, and access to the superior and inferior articu- 
lations of the astragalus obtained for purposes of astragalectomy or 
arthrodesis. 

Nczv Approach to the Supraclavicular and Infraclavicular Regions. 
— Dobrovolska3'^a advocates a new method of approach to the sub- 
clavian vessels and brachial plexus. His incision starts from the 
clavicle between the two insertions of the sternocleidomastoid muscle, 
running downward, and mesially, encircling the sternoclavicular joint, 
and continuing outward along the lower border of the clavicle. The 
clavicle is disarticulated from the sternum and retracted outward, with 
the skin flap. He maintains that the exposure of the brachial plexus 
thus obtained is most satisfactory. 

[Ed. Note. — The approach seems to us more rational for the vessels 
than for the plexus.] 

Manipulation of Stiff Joints. — It is the prevailing opinion that brise- 
ment force has little place as an operative procedure looking to an 
increase in the range of joint motion. A description of the methods 
which have enabled Sir Robert Jones to obtain in so many cases 
so much benefit from manipulation of stiffened joints is, therefore, of 
great value. He has described these methods and stated the underlying 
principles very clearly in the article referred to above. Not forsaking 
the dictums of Thomas as to the value of rest and immobilization, he 
says we should draw a distinction between the real and the apparent, 
and not allow a certain timidity to prevent our taking advantage of a 
much ignored and little understood means of treatment. 

[Ed. Note. — The Editors advise a careful perusal of this article, 
which is so direct and concise that it cannot be reviewed in small space.] 

DISLOCATIONS 

Recurrent Dislocation of the Shoulder. — Henderson believes that 
the primary dislocation causes a tear in the anterior inferior portion 
of the capsule, which is the weakest and most relaxed portion and is 
unsupported b)^ muscles. He conceives that the infraspinatus and 
supraspinatus tendons are torn by the primary injurj^ and imperfectly 

116. Xuzzi : Riforina med. 37:701 (July 23) 1921. 

117. Dobrovolskaya: Lancet 2:129 (Juh' 16) 1921. 

118. Jones: J. Orthop. Siirg. 3:385 (Aug.) 1921. 

119. Henderson: Surg., Gynec. & Obst. 33:1 (July) 1921. 
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FRACTURES 

Spontaneoils Fractures in the Young. — Hass has encountered five 

cases of spontaneous fracture or infractions of the upper metaphysis 
, of the tibia in boys ranging from 15 to 17 years of age. There were 
no signs of rickets or osteomalacia, and the roentgenograms revealed 
apparently normal bones. There was gradual onset of pain, increased 
by weight bearing. Bow leg deformity and shortening ensued. Union 
was very slow. He attributes the lesion to some nutritional disturbance. 

Fracture Services. — Ollerenshaw makes a strong plea for the 
establishment of special fracture services in general hospitals in charge 
of surgeons especially interested in bone and joint lesions. The impor- 
tance of the inclusion of the outpatient cases in such a service is empha- 
sized. He considers about 6 per cent, of the total number of hospital 
beds necessary for such a service, and he is convinced that such a plan 
will avoid many of the bad results which now occur from the general 
treatment of fractures. 

Open Reductions. — Enloe has been employing a rather unusual 
method in open reduction of fractures. A plaster cast is applied to the 
limb a week before the open reduction is to be attempted and the opera- 
tion is performed through an ample window cut in the cast. He con- 
siders some of the advantages to be the ease of reduction during 
operation, the cast providing a fulcrum for leverage. Postoperative 
comfort and rest are assured. He reports no infections. 

[Ed. Note. — We can conceive of a very limited range of usefulness 
for this procedure ; but our experience has been that the surgeon rarely 
knows before operation the exact position which is certain to hold the 
replaced fragments most securely in apposition. This judgment must 
be formed at the time of operation. If the position previously 
determined and maintained by a cast should not prove suitable to best 
retain the alinement, the removal of the cast in the presence of the open 
wound would be difficult without jeopardizing aseptic technic.] 

Fracture of the Cervical Vertebrae zvith Cord Injury. — Osnato 
reviews the operative mortality of four different surgeons of wide 
experience in cases of fracture of the cervical vertebrae with cord 
injury. He finds that this mortality ranges from 64 to 85 per cent. He 
reports four cases of his own treated conservatively, with only one 
death and three good recoveries. He urges nonoperative methods of 
treatment. 

124. Hass; Wien. klin. Wchnsclir., 1919; abstr. Ztschr. f. orthop. Chir 41: 
366, 1921. 

125. Ollerenshaw; Brit. M. J. 1:559 (April 16) 1921. 

126. Enloe; California State J. M. 19:199 (May) 1921. 

127. Osnato, M. L. : Nonoperative Treatment of Fractures of the Cervical 
Vertebrae Avith Cord Injury. J. A. M. A. 76:1737 (June 18) 1921. 
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yield the most satisfactory result. In the series reported, metal plates 
were employed in six cases and bone grafts in thirty-one. Thirty-four 
results have been tabulated, with good union in twenty-five, failures 
in seven, and improvement in two. 

[Ed. Note. — We note with interest Meyerding’s championing of 
the massive graft in nonunion of the radius and ulna. It has been 
the experience of Chutro, Leriche, and others that, especially in these 
forearm bones, the thin osteoperiosteal transplant has best served the 
purpose, stimulating osteogenesis, and at the same time has easily 
nourished .itself. The report of several observers has been that, large 
grafts inserted in this region seem prone to late absorption or fracture.] 

Fractures of the Carpal Scaphoid. — Todd,^-'’* in a valuable article,, 
discusses fractures of the carpal scaphoid. He shows that the symp- 
toms are characteristic and that the well marked symptoms and 
signs should make early diagnosis almost always possible. On 
early diagnosis depends the successful treatment of these fractures- 
and probably also the chances of obtaining union. Todd pleads for 
prolonged fixation, three or four weeks, in a long “cock up” splint, 
holding the hand and fingers in dorsal flexion, with preservation of 
the carpal arch. A more or less permanently crippled wrist may be 
expected if treatment is not instituted early; and Todd points out 
that in the important series of cases reported by Codman and Chase 
the only two cases which obtained union were those which were 
early immobilized for a long period. In old unrecognized cases with 
fibrous union or displacement, removal of one of the fragments has 
frequently greatly benefited the condition, the result sometimes amount- 
ing to an almost perfect functional recovery. 

Fractures of the Femur . — Murphy and Dorrance are enthusiastic 
over the results obtained by the abduction plaster-of-Paris spica treat- 
ment of intracapsular fractures of the neck of the femur. Eighteen 
of their twenty patients were between 60 and 80 years old. The ease 
of handling and the relief of pain was often very striking. There 
were two deaths, one patient being admitted in an unconscious condi- 
tion. The two patients under 50 obtained bony union; the others 
showed firm fibrous union in the roentgenograms. Nine patients- 
obtained full function; eight have only slight impairment of function;, 
five use a cane ; but all are capable of walking about. 

Royal and Armitage Whitman describe Royal Whitman’s 
so-called reconstruction operation for ununited fracture of the neck 

132. Todd: Brit. J. S. 9:7 (July) 1921. 

133. Codman and Chase: Ann. Surg. 41:321 (March) 1905. 

134. Murphy and Dorrance: Ann. Surg. 73:752 (June) 1921. 

135. Whitman: Surg., Gynec. & Obst. 32:479 (June) 1921; End-Resu 
Reconstruction for Ununited Fracture of Neck of Femur, J. A. M. A. 

(Sept. 17) 1921. 
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tion about the fourteenth year. A powerful contraction of this muscle 
might be expected partially to separate this growing center. Quite 
severe injury had occurred in all of Eikenbary’s cases. There was d 
tendency toward flexion, resistance to extreme extension, pain on 
pressure over the region of the lesser trochanter, a decided limp, and 
a lordosis. The treatment consisted of anesthetization, aiid correction 
of the deformity by applying a plaster spica in full extension for six 
weeks. He reports complete recovery in all three cases. 

Fracture of the Femoral Diaphysis Under Twelve Yeai’s. — Speed 
has been impressed with the excellent functional results in the sixty- 
seven cases he has examined, regardless of the special method of 
treatment employed. Direct overhead traction he considers most useful 
up to 3 years of age and Thomas splints with overhead suspension of 
the splint and continuous traction in older cases. Caliper or pin trac- 
tion was employed in a few cases. 

Results of Fracture of Shaft of Femur. — Eliason advocates direct 
overhead traction in fracture of the femoral shaft up to 8 years of 
age. Impressed with the unsatisfactory primary reductions in patients 
over 10 and with the uncertain results of even internal fixation when 
the limb is fixed with the thigh in extension, Eliason has come to 
believe that open operation and metal plate and screw fixation, with 
temporary wound drainage and immobilization in plaster and traction 
and thigh flexion, is the best method. He reports 90 per cent, of 
perfect results and 10 per cent, of good results from these procedures. 
The basis of his report is a study of 115 cases from the University 
of Pennsylvania Hospital. 

[Ed. Note. — We shall be surprised if many surgeons find it neces- 
sary to adopt Eliason’s rather radical procedures as a routine in frac- 
tures of the femoral shaft. There is a generally expressed satisfaction 
with the results of skeletal traction combined with the Thomas splint 
after the method of Pearson, and our own observations are in accord 
with this expression. Metal plates and nonabsorbable material probably 
have a field of usefulness, but the field seems to be growing smaller 
as the technic of other, and as it seems to us more rational, methods 
becomes standardized. Complete access to the seat of fracture, the 
avoidance of open operation, and the escape from the use of non- 
absorbable material surely make treatment safer and simpler.] 

Fracture of the Spine of the Tibia. — Kurlander^®“ has found only 
three cases of fracture of the spine of the tibia in 1,000 fractures. The 
mechanism of the injury he believes to be either violent hyperextension 

137. Speed: Surg., Gynec. & Obst. 32:527 (June) 1921. 

138. Eliason; Ann. Surg. 74:206 (Aug.) 1921. 

139. Kurlander, J. J. : Fracture of Spine of Tibia, J. A. M. A. 77:855 (Sept, 
10) 1921. 
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described by Freiberg/^® and consisting of pain referred to this point 
following sometimes a trivial injury and a subsequent quite marked 
flattening of the head, as revealed by the roentgenogram. All of 
Painter’s cases were caused by stubbing the toe. One showed a thin 
sliver of cartilage separated from the head; the second showed a 
fracture extending part way into the epiphysis and including nearly the 
Avhole cartilage. These two were fairly recent cases. The third was 
of three years’ duration ; and at operation a loose ossicle, the size of 
a pea, was found between the flattened articular surfaces of the phalanx 
and the metatarsal. The metatarsal head had almost no cartilage on 
it and the phalangeal end was spiculated. The injury and the more or 
less characteristic later changes are probabl}'^ much more common than 
is generally appreciated. 

INDUSTRIAL SURGERY 

Industrial Fractures . — Bassin has reviewed the end-results of 
442 fractures caused by industrial accidents. He compares these to 
the injuries of the war, stating that from 75 per cent, to 85 per cent, 
of the returning surgical cases in the Canadian Army and 65 per cent, 
in the American Army required further orthopedic and reconstructive 
surger 3 ^ Of the first thousand cases of industrial accidents presented 
before the workman’s compensation courts, 76.3 per cent, required 
further treatment, though they supposedly represented end-results and 
442 of these cases were end-results of fractures. The poorest results 
were those of simple fractures about the wrist and ankle. There had 
been also great lack of persistent traction on the fingers and toes, 
misinterpretation of roentgenograms in carpal and, tarsal fractures, lack 
of immobilization, and too little physiotherapeutic after-treatment. 

[Ed. Note. — These are startling facts and figures and we fear quite 
true. They are exactly in line with the following review of the problems 
of traumatic surgery by an able industrial surgeon of wide experience 
during the war and in civil practice.] 

Morehead makes a plea for standardization of treatment in vari- 
ous t 3 'pes of traumatic surgery and illustrates his own practice. For 
example, in wounds of the soft parts he follows the final regulation war 
method, namel 3 % debridement, primary or delayed primary suture, or 
chemical sterilization and secondar 3 '- suture. In burns he first sterilizes 
with iodin and then employs moist dressings of sodium bicarbonate. 
Aflien the 3 '' begin to cicatrize he treats them with sunlight or electric 
light radiation. In dealing with the question of fractures, Morehead 
sa 3 ’’s the two important considerations are reduction and function. 

143. Freiberg: Surg., Gynec. & Obst. 19:191 (Aug.) 1914. 

144. Bassin: J. M. Soc. New Jerse 3 ' 18:115 (April) 1921. 

145. Morehead, J. J. : Traumatic .Surgery Problems, J. A. M. A. 76:1642 

(June 11) 1921. 
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muscles of the digits and the common superficial extensor muscles of 
the digits are formed from the already differentiated homologous 
muscles. (9) In the case of muscles having multiple tendons, these 
are formed from an original single connective tissue segment. (10) 
The endothelial layer that covers the inner surface of the synovia con- 
stitutes, previous to the entire detachment of the tendon, the endothelial 
covering of the tendon itself. (11) The development of the tendons, 
thus dififerentiated, can be said to be complete after the fifth month. 
Tendons that are free in the synovia can be found, nevertheless, earlier 
in embryos of 130 mm. (12) Tbe nutrition of the tendon is derived 
from the synovial sheath. (13) On the tendon sheaths of very early 
embryos (from 35 to 75 mm.) can be observed a great quantity of 
blood vessels, some of which pass into the tendon tissue itself. These 
vessels become smaller with the progress of the development and finally 
disappear in the greater part of the sheaths. (14) In the first stages 
of development and up to the fourth month, the tendon sheath is 
noticeably thick in comparison with the contained tendon, which is very 
small. (15) Synovial cavities are found only after a considerable 
degree of differentiation (25 mm.). (16) The origin of the synovial 

cavities is independent of activity. (17) Bursae in connection with 
tendons are found in human embryos of 41 mm. as little cushions, 
which at this stage are without demonstrable cavities which only appear 
later. 

Repair of Injury of Joint Cartilages. — Ciociola,^'’ on account of the 
discordant reports in the literature regarding the repair of cartilage 
wounds, undertook a series of experiments on eleven dogs, using the 
cartilage of the femorotibial joint. The animals were kept alive from 
two to sixty days. From a ver}'’ careful microscopic study of the 
tissues removed, he arrived at the following conclusions: (1) Wounds 
of the articular cartilage involving the underlying bony layers, as such 
wounds occasionally do, are healed through activity of the bone tissues, 
giving rise to a young connective tissue. (2) This tissue of repair, after 
a certain time, presents indications of transformation into hyaline 
cartilage. (3) Superficial wounds made in a tangential direction and 
which do not pass through the thin hyaline cartilage show no reaction 
even after two months and remain as small wounds. 

Ossification Centers of Wrist, Knee, and Ankle at Birth. — Adair and 
Scammon have found the inferior femoral epiphysis to be present 
in 98 per cent, of all new-born children, the superior tibial epiphysis 
in 81 per cent., the cuboid in about 60 per cent., and two carpal centers, 
the os capitatum (os magnum) and os hamatum (unciform), occasion- 
ally present. There is a close relation between total body length, and 
the presence of the centers at birth. 

149. Ciociola: Policlinico 28:229 (June 15) 1921. 

150. Adair and Scammon: Am. J. Obst. & Gynec. 2:35 (July) 1921. 
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•a type of granulation tissue resulting from hemorrhage. They are 
usually located on the extremities and are commonly associated with a 
tendon or its sheath. To the author’s knowledge their presence in the 
joints has not been hitherto reported. 

Kondoleon Operation for Elephantiasis. — Henry and Green 

have both discussed the Kondoleon operation and report distinct benefit 
from it in cases of elephantiasis. Lanz, in 1911, first recognized that the 
deep fascia was a barrier to lymph absorption and Kondoleon of 
Athens, as a result of operation and experiment, concluded that small 
slits in the deep fascia were inadequate for deep drainage. Kondoleon, 
therefore, in 1912, devised the operation which bears his name. His 
basic idea is to remove sufficient strips of fascia lata to produce a 
series of wide muscle hernias, as it were. The alternate bulging and 
withdrawal serves to aspirate the fluid from the subcutaneous tissue 
into the muscle strata. Scar tissue naturally forms in the gaps; but 
anastomosing lymphatics and veins also form. In the operation per- 
formed by Green, two long wedge shaped strips of skin, subcutaneous 
fat, and fascia lata were excised from the lateral and mesial aspects 
of the thigh from the level of the trochanter and just below the 
perineum to the malleoli. The tissue removed weighed 6 pounds (2.7 
kg.). The operation was followed by some shock. Elastic bandages 
were applied and in a week softening was noted and ultimate recovery 
was complete. Kondoleon reported eight successful cases and seven- 
teen others have been reported with improvement. Green is certain 
that ’filariasis is more common in the southern United States than is 
supposed. Johnson found 19 per cent, in 400 persons examined. 
Probably not over 5 per cent, of the persons infected develop elephan- 
tiasis. Nearly all of them have attacks of erysipelas. The pathologic 
changes in elephantiasis are; (1) mechanical obstruction of the veins 
and lymphatics from a progressive lymphangitis; (2) hyperplasia of the 
collagenous connective tissue of the hypoderm; (3) gradual disappear- 
ance of the elastic fibers of the skin; (4) the presence of a coagulable 
dropsy; (5) a chronic reticular lymphangitis caused by the secondary 
repeated invasion of micro-organisms. 

Orthostatic Albuminuria. — An Editorial in the Journal of the Ameri- 
can Medical Association outlines the theories of etiology of the 
intermittent albuminurias associated with the faulty posture of exag- 
gerated lumbar lordosis. The explanation has been ofifered by Jehle 
that this position of the spine causes in the erect position a mechanical 
interference with renal function. The arrangement of the renal veins 

154. Henry, A. H. : Brit. J. Surg. 9:111 (July) 1921. 

155. Green; Virginia M. Monthly 48:196 (July) 1921. 

156. An Explanation of Orthostatic Albuminuria, Editorial, J. A. M. A. 
77:127 (July 9) 1921. 
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and that demonstrations ought to be demonstrations of some principle, 
and not of the skill of the operator. The student must be taught how 
to develop proper thinking. He considers the properly conducted 
clinical conference of great value both to the student and to the teacher. 

[Ed. Note. — We find ourselves in essential accord with Allison’s 
point of view. As he says, the part cannot be greater than the whole. 
Orthopedic surgeons must train themselves to the highest points of 
surgical skill and judgment, in closest contact with general surgery, 
seeking to contribute to its needs, and happiest when its methods become 
the property and the practice of the general surgeon and the internist. 
Unless the specialty thus seeks closest contact, giving and taking, its 
field of usefulness will be small and its labor dull.] 

BOOK REVIEW 

INJURIES AND DISEASES OF THE BONES AND JOINTS: THEIR 
DIFFERENTIAL DIAGNOSIS BY MEANS OF THE ROENTGEN 
RAY. By Frederick H. Baetjer and Charles A. Waters. Cloth. Price, 
$10.00 net. Pp. 349, with 333 illustrations. New York: Paul B. Hoeber, 1921. 

This book may be best described as an atlas of roentgenograms of various 
bone and joint conditions with accompanying text describing the pathologic, 
clinical and roentgenologic findings. It is handsomely published in royal 
octavo of 349 pages, with 333 large, clear illustrations. An idea of its scope 
may be gained from the following tabulation of the contents. Normal bone and 
epiphyses, thirty-three pages; fractures, 100 pages; dislocations, congenital 
and acquired, twenty-six pages; bone infections, twenty-four pages; joint 
lesions, fifty-eight pages ; bone tumors, forty-eight pages ; spine, twenty-two 
pages ; abnormalities, twelve pages ; dystrophies, ten pages. The chapters on 
bone tumors and joint lesions are excellent; those on the epiphyses, bone 
repair, nonunion and bone grafting might perhaps be amplified. There is 
little mention made of variations in normal anatomy, particularly that of the 
spine. The authors have compiled a very excellent book and one that fills 
a long felt need of the general practitioner, the general surgeon, and the 
medical student. 
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